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VIRUS DISEASES OF STRAWBERRY, A REVIEW 


A. G. Plakidas 


Our knowledge of virus diseases of strawberries is relatively recent. No virus disease of 
this important small-fruit crop was recognized before 1926. This does not necessarily mean 
that virus diseases of the strawberry are of recent origin, References to "running out" or 
"degeneration" of strawberry varieties are found in agricultural publications almost from the 
beginning of the commercial cultivation of the strawberry. As early as 1845, A. J. Downing 
(Fruits and Fruit Trees of America, p. 521) spoke of strawberry varieties degenerating and 
suggested selecting the most thrifty plants for propagation. In 1896, Blackwell stated: "Only 
a few exceedingly virile varieties, such as the Wilson, have sufficient vigor to last over a quar- 
ter of a century. Many excellent varieties run out in less time.'' No proof exists, of course, 
that the running out of these early varieties was due to virus infection, but this seems to be a 
reasonable and safe assumption. The old popular idea (which still persists in some quarters) 
that vegetatively propagated plants run out has no basis of fact. Except for rare instances in 
which somatic mutation may possibly occur, vegetatively propagated plants do not change except 
as affected by disease, It is probable that strawberry viruses existed long before they were 
recognized, originating perhaps in the wild species before the strawberry was brought into cul- 
tivation. Miller (52, 60,62) and Marcus (43) have shown that viruses are present in wild straw- 
berries both in the Eastern and Western States, but this does not necessarily mean that the 
viruses originated in the wild species and spread to the cultivated varieties; the reverse could 
just as easily have occurred, The indexing studies of Demaree and Marcus (14) show how rapidly 
seedling varieties, particularly those grown in the Northeastern and Pacific Coast States, be- 
come virus-infected, and this suggests, at least, that the same thing probably happened when 
new varieties were introduced in the early years of commercial strawberry culture. From our 
present knowledge that varieties differ greatly in their tolerance to the viruses, it may be rea- 
sonable to assume that, in the past, susceptible varieties degenerated and went out of existence 
quickly, while tolerant varieties remained productive for many years. 

Seven distinct virus diseases of the strawberry are recognized at present. These are listed 
with their synonyms in the chronological order of their discovery: 


1. "Yellows or Xanthosis," 1926. 
(Assumed synonym "Yellow Edge.") 

2. “Witches broom" 1927. 

3. "Crinkle" 1932. 

4, "Stunt" 1941. 

5. "Leaf Roll" 1942. 

6. Western Aster Yellows 1953. ("Chlorotic Phyllody", 
reported from Louisiana in 1951, has practically identical 
symptoms with those of Western Aster Yellows. It is 
assumed, but not proved, to be caused by the eastern 
strain of aster yellows virus.) 

7. "Green Petal" 1953. 


Of these, yellows (xanthosis, yellow edge) and crinkle are extremely destructive and of 
great economic importance. The other five, although producing severe symptoms on the affected 
plants, are considered of minor economic importance because they are of local occurrence and 
affect only a very small number of plants in a planting. 


DIFFERENCES AND SIMILARITIES BETWEEN YELLOWS AND CRINKLE 


In this treatise, yellows (xanthosis, yellow-edge) and crinkle are treated both as two dis- 
tinct diseases and as one disease. They are described separately as discrete diseases since, in 
their typical forms at least, the symptoms of yellows and crinkle are quite distinct and fairly 
easily differentiated. Another point in favor of the distinct nature of the two diseases is the lack 
of cross-protection. As shown by Zeller (102), Harris (31,35), and others, yellows-infected 
plants are not protected against infection by crinkle and vice-versa (Fig. 3). In other respects, 
yellows and crinkle show close similarities and behave as one and the same disease. The same 
species of aphids are vectors for both diseases, The same species and varieties of strawberry 
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FIGURE 1. A -- Yellows 
(Xanthosis) in variety Marshall. 
B -- Yellow-edge in variety Royal 
Sovereign (After R. V. Harris). 
The close similarity of symptoms 
in A and B is apparent, 


FIGURE 3, Plant of Cambridge 
Seedling 30-14-32 showing a combination 
of symptoms of severe crinkle and yel- 
low-edge. (After R. V. Harris). 


FIGURE 2. Crinkle: A -- Healthy 
Marshall plant. B -- Leaf of Missionary 
showing pin-point chlorotic spots and 
chlorotic streaking. C -- Leaf of Cor- 
vallis variety showing pin-point chlorotic 
areas, abnormal dentation, and curling 
of the leaflets. D-F -- Leaves of Mar- 
shall in the field, November. (After 
Zeller and Vaughan). 
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susceptible or tolerant to yellows are likewise resistant or tolerant to crinkle. The same in- 
dicator plants are used for both diseases. Finally, the investigations on the resolution and 
synthesis of strawberry viruses (78, 79, 80, 81, 82, 84) show that both yellows and crinkle are 
caused by virus complexes, rather than by single viruses, and that at least one virus component 
is common to both diseases. Because of these similarities, and to avoid repetition, the discus- 
sion of such topics as hosts, vectors and other methods of transmission, etiology, damage, and 
control is meant to apply to both yellows and crinkle, but the history and description of the two 
diseases are presented separately. 


YELLOWS (XANTHOSIS, YELLOW EDGE) 


History: This is the first virus disease of strawberry to be described. The disease was 
widespread and destructive in the Pajaro Valley strawberry growing area of California as early 
as 1915. In that year, W. H. Hyde, Watsonville, California, submitted specimens of diseased 
plants to the Plant Pathology Department of the University of California at Berkeley for diagno- 
sis. Horne (39) recognized it as a specific disease of unknown cause and described it briefly. 
Plakidas (70, 71) demonstrated that the disease was of virus nature and was transmitted by the 
strawberry aphid, Capitophorus fragaefolii Ckll. (= Myzus fragaefolii Ckll.). In a comprehen- 
sive survey in 1925, Plakidas found the disease to be widespread in the Marshall variety of 
strawberry in California, Oregon, and Washington, In 1933 Harris (28) reported a disease from 
England with symptoms practically identical with those of yellows (allowing for differences of 
symptoms on different varieties) which he named "Yellow-edge"’ and demonstrated that it was 
graft-transmissible. Later Massee (46) showed that yellow-edge was transmitted by the same 
insect vector (Capitophorus fragaefolii Ckll.). Yellows (xanthosis) and yellow-edge are now ac- 
cepted as being one and the same disease although direct proof of this is lacking. 

It was believed for several years that yellows (as well as crinkle) was limited to the Pacific 
Coast States and did not occur east of the Rocky Mountains. More recent studies, particularly 
those of Demaree (10, 12) and Demaree and Marcus (14) indicate that the yellows virus is pres- 
ent in strawberries, including the wild species, in the Eastern States, although many of the 
varieties there are tolerant to the virus and do not exhibit the severe symptoms exhibited by the 
susceptible varieties in the Western States. The disease occurs also in Canada (16, 33, 36, 50), 
Australia (3, 85, 86), New Zealand (6), Rhodesia (38), and in several European counties (France, 
(42), Holland, Belgium (15, 93)), in addition to England. 

The geographic origin of the virus is not known, The movement of strawberry plants be- 
tween the old and new world and between the east and west of North America has been a two-way 
traffic for a very long time. 


Description: The most characteristic symptom is the marginal chlorosis of the leaflets. 

It is this feature, no doubt, that suggested to Harris (28) the name "yellow-edge" for the disease 
as it occurs in England. The marginal chlorosis often extends inward into the leaf areas be- 
tween the larger veins. Other characteristic symptoms are: A curling and upward cupping of 
the leaflets. Dwarfing of the leaf blades, and pronounced shortening of the petioles. In advanced 
cases, because of the shortened petioles, the whole plant assumes a flat, compact, rosetted 
habit; in earlier stages, since the growth of the leaves developing before infection is not affected, 
the central rosette is bordered by normal-sized leaves (Fig. 1). The autumn coloration (red- 
dening) of the foliage appears earlier on the diseased than on the healthy plants in the same 
planting. Since all daughter plants arising from runners of a diseased plant are affected, a 
striking feature of a first-year planting is the occurrence of sections in the row, 1 to 3 feet in 
length, of markedly stunted growth, The root system is not visibly affected. There is no no- 
ticeable effect on the color or flavor of the fruit, but diseased plants produce smaller and fewer 
fruits than the healthy ones, and in this way the yield is markedly reduced, 

The symptoms as described are typical of the susceptible variety Marshall growing in the 
coastal region of central California where the climatic conditions, particularly the relatively 
cool summers, favor the expression of symptoms. Essentially analogous symptoms have been 
described on Royal Sovereign and other susceptible varieties in England by Harris (28). Tem- 
perature influences symptom expression; above 80° F the symptoms are partially to completely 
suppressed. Inthe coastal region of central California, diseased Marshall plants make a more 
or less normal growth for about a month in early spring, collapse rather suddenly during May, 
rally considerably during the warm period from about the middle of June to the end of August, 
and again show severe symptoms in the fall. King and Harris (40) have shown that soil mois- 
ture, in addition to temperature, influences symptom expression in England. Strongest 
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symptoms appear there from the middle of September to the end of October, with only occasional 
and transient appearance of symptoms during May and June, It is explained that in early spring 
soil moisture is adequate but temperatures are too low. During the summer, temperature is 
right for symptom expression but soil moisture is too low, and after October soil moisture is 
adequate but the temperature is too low. Varietal resistance also influences symptom expres- 
sion. In tolerant varieties and species symptoms may be mild or completely absent, 


CRINKLE 


History: Crinkle was first described as a definite and distinct disease by Zeller and Vau- 
ghan (104) in 1932, and the following year Vaughan (97) reported that crinkle was transmissible 
by means of aphids, Myzus fragaefolii (Capitophorus fragaefolii), and therefore presumably was 
caused by a virus. The disease had been present in Oregon many years before it was described, 
as Zeller (101) states that he and Schuster first noticed the disease in the field in 1925. In 1934, 
Ogilvie, Swarbrick, and Thompson (69) observed a disease on Royal Sovereign plants in England 
with symptoms identical with those of crinkle as described by Zeller and Vaughan, Harris (31) 
showed that the disease in England was graft-transmissible, and it was later demonstrated by 
several British investigators that crinkle is transmitted by the same species of aphid (Capito - 
phorus fragaefolii) that transmits yellows (yellow-edge). 


Description: As with yellows (xanthosis, yellow-edge), symptoms of crinkle vary markedly 
depending on the susceptibility of the variety, on climatic factors, and on the virus components 
or strains, On the basis of severity of symptoms Zeller (101) recognized two types, "mild 
crinkle" and "crinkle." In England three types are recognized, "mild crinkle", "crinkle", and 
"severe crinkle." 

Mild crinkle is characterized by the appearance of numerous small chlorotic spots scattered 
irregularly over the leaf lamina. On the young unexpanded leaves the chlorotic spots are very 
small (pinhead size), but with the expansion of the leaf the chlorotic areas also increase in size. 
There is no crinkling of the lamina and no appreciable stunting of the plant. 

In crinkle and severe crinkle, the symptoms begin as in mild crinkle with the appearance 
of small chlorotic areas on the young leaves, but other, more severe, symptoms soon develop. 
The chlorotic areas become necrotic, the tissues turning reddish at first, then brown in color. 
There is a clearing of the veins and a crinkling of the leaves (Fig. 2). The petioles are short, 
and the plant assumes a stunted, flat habit. In addition to the discrete chlorotic areas, the en- 
tire plant has a paler green color than normal, All runner plants from a diseased mother plant 
are affected. Infected plants do not die, but neither do they recover. They are decidedly less 
productive than the normal ones. 


FEATURES APPLICABLE TO BOTH YELLOWS 
AND CRINKLE 


The following discussion on damage, etiology, vectors and other means of transmission, 
hosts, and control, applies, in general, to both yellows (xanthosis, yellow-edge) and crinkle. 
Where differences occur, they are indicated. 


Extent of Damage: Accurate comparative statistics on the losses caused by yellows and its 
sister disease, crinkle, are not available. The figures given by different investigators are, for 
the most part, estimates, Plakidas (71) estimated conservatively an average of 50 percent de- 
crease in productiveness of the strawberry plantings in the coastal region of central California 
at the time when the extremely susceptible Marshall was the principal commercial variety 
grown. He based his estimate on the threefold nature of the damage, namely, decrease in the 
total yield of fruit, lowering of the quantity and quality of marketable fruit, and shortening of the 
life of the plantings. Zeller (101) gives the yield of 2-year old crinkle-infected Marshall plants 
as 3402 pounds per acre and that of healthy plants of the same variety and age as 7136 pounds 
per acre, or a decrease in yield of 52.2 percent. Stitt and Breakey (92) state that by 1946 yel- 
lows had become the limiting factor in strawberry production in the Pacific Northwest in plant- 
ings of the susceptible Marshall variety, with decrease in yields as high as 75 percent, For 
New Zealand, Chamberlain (6) states: "In the Auckland District, strawberry beds, which at one 
time yielded profitable crops over periods of three to four years, have now to be planted every 
year. In the South Island, the beds are lifted every two years instead of every five to seven 
years as previously." Although yellows is apparently the chief cause of degeneration of the 
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strawberry plantings in New Zealand, root-rot is also involved. 

The degree of damage caused by yellows and crinkle depends on several factors, two of 
which are of primary importance, These two are (a) the susceptibility of the variety grown, 
and (b) the climatic conditions prevailing in a particular region. A striking illustration of the 
influence of climatic factors is the behavior of the susceptible Marshall variety when grown in 
two areas of California with dissimilar climates. In the coastal area with relatively cool sum- 
mers, the losses are tremendous; in the interior valleys, where summer temperatures are high, 
infected plants show mild and transient symptoms and losses are small, Tolerant varieties, 
even when grown in areas with climatic conditions favoring the disease, suffer relatively small 
damage. 


Etiology: When these diseases, yellows (xanthosis, yellow-edge) and crinkle, were first 
described, it was assumed that they were caused by single viruses and these have been given 
distinct names, The yellows virus has been designated Marmor marginans (Holmes) = Straw- 
berry virus 1 (Johnson) = Fragaria virus 1 (Smith), and the crinkle virus Marmor fragariae 
(Holmes) = Strawberry virus 2 (Johnson) = Fragaria virus 2 (Smith). Zeller (101) was apparently 
the first investigator to observe differences in symptoms of crinkle which he termed "mild 
crinkle" and "severe crinkle", on plants of the same variety under like environmental conditions, 
which led him to suspect that separate components of the virus were involved, one producing 
mild and the other severe symptoms. The next hint that separate virus components were in- 
volved in the yellows-crinkle complex was furnished by the work of Harris and Hildebrand (33). 
When these workers grafted supposedly healthy Royal Sovereign plants to certain varieties grow- 
ing in Ontario, Canada, symptoms indistinguishable from those of yellow-edge as it occurs in 
England developed on the Royal Sovereign plants, even when the grafts were made between it and 
such varieties as Howard 17 (Premier) and Glen Mary, which did not exhibit disease symptoms. 
This was not surprising; it was interpreted to mean that these two varieties were symptomless 
carriers of the yellow-edge virus. What was surprising, however, was the fact that, in certain 
of these grafts, the Premier plants underwent a rapid degeneration, indicating that there was a 
reciprocal transmission of some virus entity from the Royal Sovereign to the Premier com- 
ponent of the graft. This entity was believed to be the virus causing "mild crinkle." That is, 
some of the normal-appearing Royal Sovereign plants were not free of virus but contained some 
virus (mild crinkle?) which in conjunction with some other virus component in the Premier 
plants caused a rapid degeneration of these plants. It was soon recognized that plants of the 
same variety under like conditions exhibited symptoms varying in severity, and terms such as 
"mild yellow-edge," "mild crinkle", and "severe crinkle" came into use to differentiate these 
symptoms from those of typical yellow-edge and crinkle. It was also becoming evident by this 
time that these aberrant symptoms were produced either by different viruses or by combinations 
of different compenents of the yellows and crinkle viruses. The problem of strawberry viruses 
is complex and still considerably confused, but the excellent studies of Prentice in particular 
(78, 79, 80, 81) and of others (Prentice and Harris, 82; Wood and Whitehead, 99; Mellor and Fitz- 
patrick, 50,51; Smith, 89; Smith and Moore, 90; Frazier, 17, 19; Thomas, 94) on the resolution 
of strawberry virus complexes have elucidated many facets of this difficult problem. It has now 
been clearly established that both yellows (xanthosis, yellow-edge) and crinkle are caused by 
virus complexes rather than by single viruses as originally supposed. Some of the components 
of these virus complexes persist in the insect vector for long periods (several days) while others 
are non-persistent (about 1 hour). Prentice (81) has separated and named five virus entities. 
The data shown in Tables 1 and 2 on the vector relationship and symptoms produced by these 
viruses were taken from Prentice (81). 

According to Prentice (81) the diseases "mild crinkle", "severe crinkle", and "yellow- 
edge", as diagnosed in the field in Great Britain, are caused by the following combinations of 
viruses: 


Vein chlorosis alone or vein chlorosis + mottle = mild crinkle 

Crinkle virus alone or crinkle + mottle and/or vein chlorosis = severe 
crinkle, 

Mild yellow-edge + crinkle or mottle = yellow-edge. 


The leaf-curl virus is not known to occur in the field in Great Britain . It was obtained 
from a plant of the variety Fairfax obtained from the United States, 

Much more information is needed for a better understanding of the viruses involved in the 
yellows and crinkle diseases, particularly regarding the relationship of the viruses separated 
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Table 1. Vector relationships of strawberry viruses. 


Number and Name Acquistion Latent Persistence 
threshold period 
period 

1. Strawberry mottle e. i hour None detected Short (c. 1 hr.) 
2. Strawberry mild 

yellow-edge ce. 24 hours None detected Long 
3. Strawberry crinkle c. 24 hours c. 12-16 days Long 
4. Strawberry vein chlorosis --- Vector unknown --- 
5. Strawberry leaf curl c. 1 hour None detected Short 


Table 2. Symptoms produced by strawberry viruses. 


Virus Symptoms on Fragaria vesca Symptoms on 
Royal Sovereign 


Mottle Chlorotic spotting, leaf distortion Faint chlorotic spotting 

Mild yellow-edge Slight chlorotic spotting; slight Slight chlorosis, mainly at 
chlorosis; leaf cupping margins of leaves 

Crinkle Severe chlorotic spotting; leaf dis- Chlorotic and necrotic spotting 
tortion; vein necrosis 

Vein chlorosis Faint chlorotic spotting Vein chlorosis and necrosis 

Leaf-curl Leaf-curling; vein and leaf Leaf-curling; vein necrosis 
necrosis 


in Great Britain to those in strawberries in North America. Mellor and Fitzpatrick (51) con- 
sider the latent virus they found present in apparently healthy Marshall and British Sovereign 
plants as analogous to, and probably identical with, virus 1 (mottle) of Prentice (81), and the 
persistent component of the yellows (xanthosis) virus as analogous to virus 2 {mild yellow-edge) 
of Prentice. On the other hand, the symptoms termed "mottle" by Thomas (94) obtained on F. 
vesca var. californica from apparently healthy Marshall plants in the Pacific Coast do not cor- 
respond exactly with the symptoms produced by the "mottle" of Prentice (81) on F. vesca, but 
the differences may be due to the different indicator plants used. The relation of Prentice's 
viruses to those designated as virus 1 and virus 2 by Demaree and Marcus (14) and to the latent 
virus demonstrated by Frazier (19) in certain clones of F. vesca and F. bracteata is not known, 


Vectors: The principal vector of yellows (xanthosis, yellow-edge) and of crinkle is the 
strawberry aphid which was designated by Plakidas as Myzus fragaefolii Ckll. This name has 
been changed several times since, which has resulted in considerable confusion, In Great Brit- 
ain the vector of yellow-edge and crinkle has been variously designated as Capitophorus fragae- 


folii Ckll., C, fragariae Theob., and Pentatrichopus fragaefolii Ckll. The last name appears 
to have priority and the other names remain synonyms. This aphid is common and wide- 
spread on strawberries in Great Britain and in the Pacific Coast States, but is relatively scarce 
east of the Mississippi River. 

Demaree and Marcus (14) found two other species of aphids, Capitophorus minor Forbes 
and an unnamed species of Capitophorus resembling C. fragaefolii, widely distributed in straw- 
berry fields east of the Mississippi River. These two species readily transmitted both viruses 
designated by these investigators as type 1 and type 2. The exact relation of type 1 and type 2 
viruses to yellows or crinkle or both is not clear, but the statement, ''The most prevalent and 
destructive virus diseases of strawberries east of the Rocky Mountains are now thought to be of 
the yellows type" at least implies that these two types are considered as components or entities 
of the yellows virus complex, 
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Frazier (18) reported transmission of certain strawberry viruses in California by five 
other species of aphids, namely, Macrosiphon pelargonii Kalt., Amphorophora rubi Kalt., 
Myzaphis rosarum Walk., Myzus ornatus Laing., and Myzus porosus Sand. Three other 
species, Aphis forbesii Weed, Macrosiphon solanifolii Ashm., and Myzus solani Kalt,, failed 
to transmit the viruses tested. Miller (63) tested Myzus solani Kalt, and found that it could 
not transmit the viruses of the yellows complex. 

Whitehead and Wood (98) obtained transmission of crinkle by the aphid Pentatrichopus tet- 
rahodus Walk. Posnette (73) obtained transmission of two components of the strawberry virus 
complex by two additional species of aphids, Myzus ascalonicus Doncaster and Acyrthosiphon 
malvoe subsp. rogersii Theob., and obtained negative results with a third species, Aulacorthum 
solani, The aphid vector situation may be thus summarized: 


1, Pentatrichopus fragaefolii Ckll. (= Myzus fragaefolii Ckll, = 
Capitophorus fragaefoiii Ckll. = C. fragariae Theob.) is the principal 
natural vector of both the yellows and crinkle virus complexes, This species 
occurs widespread on strawberries in Great Britain and in the Pacific Coast 
States, but is rather scarce east of the Mississippi River. 

2. Capitophorus minor Forbes and Capitophorus sp. (unnamed), both 
occurring abundantly on strawberries east of the Mississippi River, are 
efficient vectors of type 1 and type 2 viruses of Demaree and Marcus (14). 

3. Aphis forbesii Weed and Macrosiphon solanifolii Ashm. and Myzus 
solani Kalt., all frequent colonizers of strawberry plants, were found not to 
be vectors of strawberry viruses. 

4. The following species were found capable of transmitting some, or 
all, of the components of the yellows and crinkle virus complex: Macrosiphon 
pelargonii Kalt., Acyrthosiphon maloe subsp. rogersii Theob., Pentatrichopus 
tetrahodus Walk., Amphorophora rubi Kalt., Myzaphis rosarum Walk., Myzus 
ascalonicus Doncaster, M. ornatus Laing, and M. porosus Sand, Of these, only 
the last named species is a frequent inhabitant of strawberries; the others are 
not, and their importance in the natural spread of strawberry diseases is doubtful. 


Other Means of Transmission: Both yellows and crinkle are transmissible by grafting (sto- 
lon to stolonor stolonto petiole). Smith and Moore (90) also obtained transmission of viruses 1 and 
2(Demaree and Marcus 14) by means of dodder (Cuscuta sub-inclusa) grafts. Only one report of 
mechanical transmission by juice inoculation has beenfound, This is by Miller (54) who reports 
transmission of yellows to 2F. vescaplants, out of 32 inoculated, whentheextracted juice was di- 
luted with an equal volume of M/100 sodium sulfite and rubbed in the leaves with carborundum, 
No transmission resulted when other supplements (ascorbic acid, cystein hydrochloride, lead 
acetate, gelatin, charcoal) were added to the extracted juice. 


Hosts: As far as known, strawberry viruses of the yellows (xanthosis, yellow-edge) and 
crinkle complexes are limited to the genus Fragaria, The single exception to this statement is 
the experimental transmission by grafting of type 1 and type 2 viruses (Demaree and Marcus, 
14) to Potentilla canadensis L. (P. simplex Michx,). The Potentilla plants exhibited no symp- 
toms, but contained the viruses and transmitted them to F, vesca when later grafted to this in- 
dicator plant. Natural infection of Potentilla is not known, Attempts by the same investigators 
to transmit these viruses to cucumber and tomato plants by mechanical inoculation with ex- 
tracted sap were unsuccessful, Milier and Darrow (68) found an aphid resembling Capitophorus 
fragaefolii Ckll., the vector of strawberry viruses, occurring abundantly on wild roses (Rosa 
nutkana and R. rubiginosa) in several localities in Oregon and Washington, but obtained no evi- 
dence to indicate that the roses were hosts to the strawberry virus. Direct transfer of aphids 
from the rose to F. vesca did not transmit the virus, but allowing the aphids from the rose to 
feed on yellows -infected strawberry plants and then transferring them to F. vesca resulted in 
infection, 

Of the two principal species of wild strawberry, Fragaria virginiana Duchesne and F. 
chiloensis (L.) Duchesne, which are generally accepted as being the parents of the cultivated 
strawberries, the former is susceptible and exhibits definite, and sometimes very severe, 
symptoms when infected, Fragaria chiloensis, on the other hand, has been reported (33, 34, 71) 
as being highly resistant in that it exhibits no visible symptoms and undergoes no appreciable 
deterioration. However, it is not immune; it is, as Harris and King (34) put it, "the only per- 
fect (i.e. symptomless) carrier yet found among strawberries."' The tolerance to virus shown 
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by many varieties of cultivated strawberries is, in all probability, derived from the chiloensis 
parent. However, even this species is probably not universally resistant because Zeller (101) 
reported finding a clone of this species in Oregon which exhibited mild symptoms of crinkle 
throughout the year. F. ovalis (Lehm.) Rydb., which may not be a distinct species but a var- 
iant of F. chiloensis, was found by Miller (55) to exhibit resistance to both yellows and crinkle 
equal to that of F, chiloensis, 

Fragaria vesca L. is extremely susceptible to both yellows and crinkle viruses, and se- 
lected clones of this species are widely used by strawberry virus investigators as indicator 
plants, The East Malling clone of F, vesca, originally selected by Harris and King (35), is the 
indicator plant most widely used at present for indexing strawberry stocks, Other selections 
or clones of this species have been employed as useful indicators, Thomas (94) used a strain 
of F. vesca designated as var. californica, Miller (55) has used several selections of F, vesca 
and one selection from Dee, Oregon has proved particularly valuable as an indicator because 
it exhibits a differential sensitivity toward the viruses of yellows and crinkle and can thus be 
used to differentiate these two diseases. Frazier (17) found the bracted wild strawberry, F. 
bracteata Heller, a useful indicator. =i 

No information has been found on the susceptibility of the hautbois strawberry, F. moschata, 
to these viruses. = 

Of the cultivated varieties, the Marshall (Syn. Banner, Oregon, Oregon Plum, Oregon Im- 
proved, New Orleans) in North America and the Royal Sovereign in Great Britain are very sus- 
ceptible to both yellows (xanthosis, yellow-edge) and crinkle, Other cultivated varieties vary 
greatly in their reaction to infection. Many show a very high degree of resistance, exhibiting 
either no visible symptoms (masked carriers) or only mild or transient symptoms. Others 
show an intermediate response, Plakidas (71) exposed a large number of varieties to natural 
infection by planting them close to yellows-infected Marshall in the field. The varieties Nick 
Ohmer, Melinda, and Superb were slightly less susceptible than the Marshall. The Corsican 
(Uncle Jim) showed typical foliage symptoms but was not noticeably stunted. Early Ozark, 
Howard 17 (Premier), Dr. Burrill, Senator Dunlap, Parson's Beauty, Campbell's Early, Au- 
gust Luther, and Americus, and practically all of the Ettersburg varieties and selections (over 
70 included in the test) were found to be highly tolerant. Etter made extensive use of the beach 
strawberry, F. chiloensis, in his breeding, and the high tolerance of the Etter varieties is 
probably due to the reintroduction of the chiloensis blood into these varieties, 

It is not implied that tolerant varieties suffer no damage, even though they show no prom- 
inent symptoms, They degenerate gradually and the life of the planting is thus shortened, The 
case of Huxley's Giant (Ettersburg 121) in England may be cited as an example. This variety, 
at first considered as a masked carrier (34), although it would show symptoms in the later 
stages of its degeneration, was later found (83) to suffer severe stunting and loss of vigor under 
natural field conditions. The disease affecting Huxley's Giant was found to be graft-transmis- 
sible, and was also induced by grafting Royal Sovereign plants infected with yellow-edge and 
crinkle to Huxley plants. 


Control: Three methods suggest themselves for keeping the losses caused by the yellows- 
crinkle complex of strawberry viruses to a minimum, namely, (a) use of healthy stock, (b) use 
of tolerant varieties, and (c) control of the insect vector. All three methods have been used with 
varying degrees of success. The importance of clean planting stock appears to have received 
earlier recognition in England than in the United States. Concerted efforts have been made there 
to secure and maintain healthy stocks of the commercial varieties for distribution, and consid- 
erable success has been attained, Early efforts in California, soon after the virus nature of 
yellows was demonstrated, to obtain control by the use of clean stock grown under a system of 
inspection and certification were not very successful for various reasons, but primarily be- 
cause most of the plantings of the Marshall variety were infected. Interest in virus-free plant- 
ing stock was revived, following the demonstration by Demaree and Marcus (14) that practically 
all the commercial varieties of strawberries in the United States, including many of the new in- 
troductions, were infected. It was realized also that viruses consituted a hazard in strawberry 
breeding (Scott et al., 87). New seedlings were rapidly becoming infected, and, as they were 
being distributed for testing in different parts of the country, they carried the viruses with them. 
Through the efforts of workers in the U. S. Department of Agriculture, in cooperation with key 
nurseries, several million virus-free plants, comprising 24 varieties, became available for 
distribution in 1954, Marcus and Darrow (44) have demonstrated that these plants, which have 
been selected as being free of virus by indexing on F, vesca, do not contain any components of 
the virus complexes. Eight varieties, Klondike, Dunlap, Howard 17, Marshall, Aroma, Blake- 
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more, Catskill, and Massey, were first intergrafted in groups of 2,4, and 8 and then grafted 
on to F, vesca. No symptoms were produced, It was concluded that it is safe to plant different 
virus-free varieties close together. 

The "curing" of virus-infected strawberry plants by subjecting them to high temperatures 
for prolonged periods of time is both of scientific and practical interest. R. H. Fulton (24) was 
unsuccessful in his attempt to inactivate the "type 2" virus of Demaree and Marcus (14) in the 
Robinson variety by a 30-minute immersion in water at 45° C. Posnette (74) and Posnette et al. 
(76) succeeded in freeing plants from the viruses of crinkle, mild crinkle, and an undescribed 
leaf necrosis virus by an exposure to dry heat at 37° C for 8 days. Miller (59) in Oregon was 
able to inactivate the virus in certain strawberry varieties by immersion in hot water at 115° F 
foras short a period as 30 minutes, J. P. Fulton (23) succeeded in inactivating type 1 and type 
2 viruses of Demaree and Marcus by subjecting potted Blakemore plants to hot air at 38° to 42° 
C for 3 months, It was necessary to acclimate the plants by keeping them at 27° C for several 
weeks prior to transferring them to the hot-air chamber; plants transferred directly from a 
temperature of 18° C to the hot-air chamber did not survive. R. H. Fulton (25) also reported 
the inactivation of type 2 virus in Robinson plants by hot-air treatment at 36° to 40° C, the most 
effective temperature-time period being 38° for 8 days. Miller (66) obtained a high percentage 
of inactivation of the non-persistent components of the crinkle and yellows virus complexes in 
12 varieties of strawberry by the hot-air treatment at temperatures of 34° to 38° C for varying 
periods, Differences in heat tolerance were noted among the varieties used. 

As the fatality resulting from heat treatments is very high it is doubtful that heat-treatment 
will find large scale commercial application, but it may serve as a means of obtaining virus- 
free plants of desirable varieties that have become 100 percent infected. 

Roguing diseased plants is of some help if the roguing is done early, the first season; 
roguing after the first year of growth is of no practical value, 

The use of tolerant varieties is perhaps the best means of avoiding losses by virus diseases. 
There are, fortunately, many important commercial varieties, such as Howard 17 (Premier), 
Klondike, Klonmore, and Blakemore, that show high tolerance, Some of the new varieties, 
Shasta, Sierra, and Lassen, introduced by Thomas and Goldsmith (95) in California are mod- 
erately to highly resistant to yellows. However, there is no assurance that the tolerant varie- 
ties will maintain their tolerance under all conditions, Some degenerate rapidly when infected 
by more than one component of the virus complex, The Northwest variety, for example, is 
highly tolerant to yellows, but breaks down completely when infected by both the yellows and 
crinkle viruses, Another practical difficulty lies in the reluctance of the market to accept a 
substitute for the variety to which it has become accustomed, 

Relatively little experimental information is available on the possibility of controlling or 
suppressing the spread of the strawberry viruses by controlling the insect vector. It would 
seem, however, that this line of approach is promising and deserves careful consideration, 
Breakey and Campbell (4) and Stitt and Breakey (92) have obtained marked control of strawberry 
yellows in Washington State by keeping the aphid vector under control by means of insecticides 
(Parathion, BHC, TEPP), and this method has been adopted and put into practice on a county- 
wide basis by strawherry growers there, The suppression of the aphid population by the insec- 
ticide prevents crowding, and this, in turn, suppresses the development of the winged migratory 
form of the aphid which spreads the virus from old infected fields to new plantings. A combina- 
tion of rigid roguing and aphid control is recommended. 


MINOR VIRUS DISEASES 


Witches' Broom: This disease with conspicuous symptoms was described by Zeller (100) 
in 1927. Symptom expression varies with the variety affected. In the Marshall variety, the 
leaves are much smaller than normal and are borne on long, spindly, erect petioles. The leaf- 
lets arch and cup downward and are turgid and somewhat crinkled, The color of the foliage is 
light green to clive-green rather than the normal bright green, The plant assumes a bushy ap - 
pearance due to the large number of leaves produced from many branch crowns, Runner inter- 
nodes are short. Flower clusters are few and unfruitful, 

In the variety Ettersburg 121, the symptoms are much more exaggerated, the "witches'- 
broom" effect being very conspicuous (Fig. 4). Numerous side crowns give rise to leaves with 
long, spindly petioles. The leaflets are small but their downward curling is not so pronounced 
as in the Marshall, Stolons are very short, so the runner plants root close to the mother plant 
and this exaggerates the bushiness of the plant. Flower clusters are numerous but spindly and 
unfruitful. 
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FIGURE 4. Witches' broom 
in Ettersburg 121. Note mulfiple 
crowns and very short stolons, 
(After Zeller), 


Zeller (100) demonstrated that witches'-broom was insect-transmissible by means of the 
strawberry aphid, Myzus fragaefolii (Capitophorus fragaefolii). 

In Zeller's original report it was stated that witches'-broom was found only in Western 
Oregon. However, later reports indicate that it may not be so localized, What appears to be 
the-same disease has since been found in other areas, Darrow (8) reports the occurrence ofa 
disease locally calied "multiplier" in the Bayfield area of Northern Wisconsin, with symptoms 
very similar to witches'-broom as described by Zeller. In 1931 Mook (unpublished report; Yor 


dise 


see Demaree and Marcus, 14) reported the occurrence of a disease called locally by such names the 
as "multiplier plant", "bushy plant", "spindly plant", and "witches'-broom", in Minnesota, plan 
Wisconsin, Illinois, and New York. These local designations point to the similarity of symp- 
toms of the disease in the Eastern States with those of witches'-broom in Oregon, Mook sus- — 
pected that the disease he observed was of a virus nature, and this was confirmed by Demaree , mart 
and Marcus (14), who transmitted it by stolon grafts. aig 
The relatively low incidence of witches'-broom in strawberry plantings is probably due to and 
roguing. Because of their striking appearance, affected plants are easily recognized and shor 
promptly destroyed by the growers, reg 
1 
Stunt: This disease was reported and described from Oregon in 1941 by Zeller and Weaver 
(105). It is characterized by severe stunting of the plant and prominent upward cupping of the sen 
leaflets without any appreciable chlorosis, The upward cupping of the leaflets, which, in vari- ; host 
eties with thick, dark-green leaves, is very pronounced, exposes their lower hirsute surfaces plan 
and this gives the foliage a grayish appearance, as if affected with mildew. The petioles are 
short, one-half to two-thirds as long as those of normal leaves. Mature leaves make a "papery'’ viru 
rattle when brushed by hand. The habit of growth is erect, not so erect as in witches'-broom, cur! 
but in direct contrast to the flat type of growth of plants affected with yellows. rn 
The disease was transmitted by grafting and by means of the strawberry aphid (Capitopho- 
rus fragaefolii), The virus has been designated by Zeller and Weaver (105) as "Fragaria virus : 
5”, or as Nanus cupuliformans, More recent evidence, however, indicates that stunt is caused dise 
by a virus complex, probably by a combination of yellows and crinkle virus components, Dar- bert 
row et al, (9) state: "Also, both crinkle and yellows may occur in the same plant. Strawberry fron 
stunt disease... is probably such a combination", and Goheen in a private communication to the retin 
writer, states: 'We have noticed at Beltsville that the combination of Demaree virus 1, which fron 
we have labeled yellows, and Demaree virus 2, which we have labeled crinkle, produces stunt — 
when both viruses are inoculated into a single healthy Fragaria vesca indicator plant." ; = 
In 1952, Skiles and King (88) reported the occurrence of stunt on the Robinson variety in ved - 
Minnesota, 
plan 
Leaf Roll: This disease, which occurs sporadically in the Northeastern States and in On- hous 
tario, Canada, was described by Berkeley and Plakidas (2). It was first observed by Berkeley stele 
in St. Catherines, Ontario, Canada in 1935 ona plant of Parsons Beauty, from which it was R =séthis 
transmitted by grafting to Royal Sovereign plants, and in 1938 on Premier (Howard 17) from ' "Chl 


which it was graft-transmitted to F. virginiana plants. In 1940, Plakidas (2) noted the same 
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FIGURE 5. Leaf roll. Comparison between a healthy and a diseased 
leaf of U.S.D.A. Seedling 1631. 


disease in the variety test field of the New York Agricultural Experiment Station at Geneva, New 
York on two seedling strawberries, U.S.D.A. No. 1631 and Geneva No. 9270. In both cases, 
the mother plants and all their runner plants showed symptoms. It was transmitted to healthy 
plants of both seedlings by grafting. 

The most conspicuous symptom is the downward rolling of the leaflets, which is most pro- 
nounced in the basal portion (Fig. 5). In extreme cases, the rolling is such that the opposite 
margins of the leaflet touch, or even overlap, thus forming a funnel-shape tube. The leaves on 
affected plants are pale green, Smaller and narrower than normal leaves of the same variety, 
and the petioles are longer and spindlier. The surface of the leaves is ruffled and rugose and 
shows irregular chlorotic areas of various sizes, Affected plants are on the whole smaller than 
normal and of a "delicate" appearance owing to narrower leaves and spindly petioles, but there 
is no pronounced stunting, 

The vector is not known, It seems likely that neither is the virus a strawberry virus per 
se nor is the vector an habitual strawberry feeder, The virus probably occurs in some other 
host from which it is transmitted to the strawberry when the vector occasionally feeds on this 
plant, 

Prentice (81) isolated from a symptomless Fairfax plant received from North America a 
virus that caused leaf curling in F, vesca and Royal Sovereign plants, He named this the "leaf 
curl" virus and stated that the symptoms produced by it had a superficial resemblance to leaf 
roll. There is no proof that leaf roll and leaf curl are the same. 


Western Aster Yellows: In 1952 Frazier and Thomas (21) reported the occurrence of a 
disease with symptoms suggestive of aster yellows on the Lassen variety in commercial! straw- 
berry plantings over widely scattered areas in central California. The amount of disease varied 
from a maximum of under 5 percent in one planting to only an occasional plant in others, The 
most characteristic symptom was the phyllody of the flowers. The degree of phyllody varied 
from mere virescence of petals to a condition in which the floral parts were transformed into 
miniature green leaves forming a gall or tight rosette of dwarfed foliage. In addition to the phyl- 
lody of the flowers, affected plants exhibited vein yellowing, general chlorosis of varying shades 
of pale-green, yellow, or reddish, upward cupping of the leaflets, curving and twisting of pet- 
ioles, and an upright stiff, brittle type of growth. The disease is self-eliminating. Affected 
plants in the field either die or are rogued. Plants potted in the field and taken to the green- 
house died within 2 months, The disease was transmitted by means of the leafhopper (Macro- 
steles fascifrons) from diseased strawberries to asters and plantain, thus demonstrating that 


this striking disease of strawberry was caused by the aster yellows (western strain) virus. 
In 1951 Plakidas (72) reported the sporadic occurrence of a disease which he designated as 
"chlorotic phyllody" in two of the new strawberry varieties, Klonmore and Marion Bell, in 
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Louisiana, The symptoms of the Louisiana disease are identical with those of the disease in 
California, Both the California and the Louisiana diseases cause phyllody of flowers and genera] 
chlorosis of foliage; both are self-eliminatingin that affected plants soon die; both are limited in 
their occurrence to a few of the cultivated strawberry varieties. Attempts to transmit chlorotic 
phyllody by stolon grafting were unsuccessful, Of 12 diseased plants potted in the field for use in 
grafting experiments 11 died within a few weeks, and the one surviving plant produced spindly 
runners which failed to make union in grafts with runners from healthy plants. It was pointed 
out that chlorotic phyllody had symptoms suggestive of aster yellows, Aster yellows is rather 
common in Louisiana, occurring on carrots, onions and shallots, and other vegetables. How- 
ever, Kunkel (41) failed, in two separate trials, to transmit aster yellows from asters to straw- 
berries (variety used not stated) by means of the leaf hopper vector, and Demaree (private com- 
munication to the author) failed to transmit it from aster to Marshall strawberries by means of 
dodder grafts. This does not exclude the possibility that some varieties of strawberry may be 
susceptible, On circumstantial evidence, namely, (a) identity of symptoms between chlorotic 
phyllody and the disease on the Lassen strawberry in California, and (b) the demonstration that 
the disease in California is caused by the aster yellows (western strain) virus, it is considered 
likely that the chlorotic phyllody disease in Louisiana is caused by the aster yellows (eastern 
strain) virus. 


Green Petal: This is the latest virus disease of strawberry to be reported. It was de- 
scribed by Posnette (75) in England in 1953, Posnette describes this disease as follows: 


"The most characteristic symptoms on Auchincruive Climax occur 
on the flowers, The sepals are enlarged and the petals are dwarfed and pale 
green. Varying degrees of sterility occur; some flowers develop the normal 
number of ovules, but usually few achenes are formed and some flowers are 
sterile. Fruit seldom ripens on affected plants, The achenes stand out from 
the receptacle, which shrivels before maturity, and the dried inflorescences 
are a useful symptom in field diagnosis. 

"The mature leaves first turn a dull yellowish or olive green, and later a 
bright red, The red colour of the old leaves is conspicuous in August and 
September. The foliage feels stiff and harsh, New leaves formed after infection 
are extremely dwarfed, slightly cupped, with the main veins and margins yellow. 
The contrast between the long petioles of the old leaves and the short petioles 
of the young leaves is extreme... Soon after the appearance of the small leaves, 
the older leaves wilt and shrivel. The whole plant may collapse and die in July 
or August, but sometimes there is a temporary recovery in September, with 
the formation of secondary crowns with minute leaves. It is believed that those 
Climax plants which show flower symptoms in June are almost invariably killed 
before the following October. The stolons of infected plants are short and 
thickened and the young 'runmner' plants extremely dwarfed." 


There is considerable similarity in symptoms between green petal and chlorotic phyllody 
and the California aster yellows disease. Aster yellows, as far as known, does not occur in 
England, Posnette transmitted green petal by grafting, thus demonstrating its virus nature, At- 
tempts to transmit it by means of the strawberry aphid, Pentatrichopus fragaefolii Ckll. (Capi- 
tophorus fragaefolii) were unsuccessful, indicating clearly that the virus of green petal is dif- 
ferent from the viruses of the crinkle-yellows (yellow-edge) complex. It is inferred that the 
green petal virus is present in some other crop or weed, from which it is spread to strawber- 
ries by some unknown insect vector. 
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TRANSMISSION OF A RUBUS VIRUS TO FRAGARIA VESCA 


Edward K. Vaughan and Harold W. Wiedman! 


The rapid and widespread development of severe virus diseases in previously virus-free 
strawberry stocks even when isolated from all other strawberry plants, has caused many 
workers to suspect that plants in genera other than Fragaria may serve as hosts of the straw- 
berry viruses and as "reservoirs" of virus inoculum, Thus far, other genera have not been 
reported as hosts for the commonly observed virus diseases of strawberry. 

Fulton (4) in Arkansas, has reported transmission of tobacco necrosis virus from the roots 
of Fragaria vesca to beans, tobacco, and other crops, but stated that there were no symptoms 
in the strawberry plants. More recently Frazier and Thomas (3) in California, have reported 
a severe disease of the strawberry variety Lassen, caused by the western aster yellows virus. 
The symptoms of this disease are so characteristic that they cannot be confused with other 
diseases of strawberry. Neither of these viruses seems to have much significance as a cause 
of epiphytotic strawberry diseases or as a factor in the Yellows" complex. 

This paper reports the transmission of a virus from red raspberry canes to Fragaria 
vesca, The raspberry plants from which the canes were taken were of the variety Washington 
and were affected by the virus disease known locally as "ringspot'' (6). This disease is perhaps 
identical with the "decline" of the Cuthbert red raspberry, as described by Zeller and Braun 
(7), "yellow blotch curl" as described by Chamberlain (2) in Ontario, and "yellow blotch" as 
described by Cadman (1) in Scotland. In July 1953, stolons from two Fragaria vesca plants of 
the East Malling strain were grafted to the raspberry stems, using a bottle graft to keep the 
raspberry canes alive. Three stolons from each piant were grafted to three individual infected 
raspberry canes. Six weeks after the grafts were made, the new foliage of both of the F, vesca 
mother plants developed a mottle somewhat like that caused by certain strains of non-persistent 
viruses (5). Similar mottling and conspicuous reduction in vigor appeared soon afterward in 
the runner progeny. In this stage the disease resembled the commonly observed virus diseases 
of strawberry. The following spring, however, the infected plants developed very severe symp- 
toms, including malformation of the flowers, sterility, and the production of numerous small 
plants on the fruit spurs, This disease, which will be described in detail in a later paper, is 
entirely different from any of the recognized diseases of either strawberry or raspberry. 

While this graft transmitted virus has not been observed in strawberry fields and is not 
likely to be a virus component of described strawberry diseases, to the best of our knowledge 
this is the first report of the transmission of a virus from Rubus to Fragaria. 
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VIABILITY OF WESTERN X-DISEASE VIRUS IN 
STORED PEACH BUDWOOD 


Philip W. Cheney and E, L. Reeves! 


It has been reported that "In Washington Reeves found what appeared to be different forms 
of western X-disease virus on peach2," A higher percentage of transmissions have sometimes 
been obtained with one source of western X-disease virus than with another, The reasons for 
such variation could not always be explained on the basis of condition of trees inoculated or other 
factors involved. In transmission tests where attempts are made to transmit the virus by 
grafting methods from diseased peach to healthy peach or to other species of Prunus, it has long 
been the general practice of research workers to select inoculum that exhibits particularly 
characteristic foliage symptoms and then to use the inoculum as soon after obtaining it as rea- 
sonably possible. Delay in the use of inoculum after it is cut from the affected tree has been 
considered an important factor influencing transmissions when western-X-affected-peach ma- 
terial is employed, A delay of 2 or 3 days in using western-X-affected-peach inoculum has in 
the past been considered to decrease the percentage of transmissions. In contrast, in work with 
the virus causing cherry mottle leaf, inoculum from diseased Bing cherry trees held for as long 
as 30 days prior to use has resulted in 100 percent transmission. 

In 1953 preliminary tests were started to determine the viability of the western X-disease 
virus in budwood and spurs cut from affected peach trees and held under varying conditions prior 
to use. Although the entire experiment is still incomplete, the results of one particular test 
are considered of sufficient interest to report at this time. 

On August 17, 1953 selected budwood and spur inoculum was collected from certain western- 
X-disease-affected J. H. Hale peach trees that had been previously infected with the virus from 
one source of inoculum. This inoculum source, designated 'Pd-4", came from a western choke- 
cherry with excellent "red leaf'' symptoms. The diseased chokecherry was growing along the 
roadside near Hunters in northeastern Washington. Peach trees infected with the virus from 
this "Pd-4" inoculum showed comparatively moderate symptoms of western X-disease. They 
indexed negative on Prunus serrulata, variety Shiro-fugen, indicating the absence of certain 
latent ring spot-like viruses often found in naturally infected peach trees. 

To test the viability of the virus in the inoculum at the time it was collected, one inocula- 
ting budand one small spur were immediately budded into each of three Lovell peach seedlings 
growing in a nursery row.. Ultimately all three seedlings expressed good symptoms of western 
X-disease, indicative of the viability of the virus in the budwood collected. 

After collection, the inoculum was wrapped in moist burlap and kept in a well-shaded spot 
ina screenhouse. The burlap was re-wetted each day and the inoculum was thus kept at ap- 
proximately 'wet-bulb" temperature during the 19-day storage period of the test. On August 18, 
after 1 day of storage, aud each day thereafter through September 5, 1953, three small Lovell 
peach seedlings were used each day. Each received one inoculating bud and one spur from the 
collection of stored inoculum. 

When final results of this test were taken in June 1954, it was found that transmission was 
obtained to one or more of the three trees incoulated each day except the thirteenth and eight- 
eenth days of storage. As would be expected, there was a day to day variation in the percentage 
of transmission obtained. During the first 5 storage days all inoculated trees became infected 
except on the third storage day, when only one of the three inoculated trees ultimately showed 
symptoms of western X-disease, However, by grouping into storage periods of 5,5,5, and 4 
days' duration, as shown in Table 1, it is apparent that the viability of the virus in the budwood 
was less during the later days of the storage period, 

It was previously mentioned that the viability of the virus in the inoculum collected for 
storage on August 17 was tested by immediately grafting into three test trees a representative 
sample of the material. In order to test further the inoculum source, and as a check on the 
Lovell seedling test trees used and the inoculating methods employed, freshly cut material taken 
each day from the same J. H. Hale trees that had furnished the stored inoculum was budded into 


1 Respectively, Biological Aid and Pathologist, Horticultural Crops Research Branch, Agricultural 
Research Service, United States Department of Agriculture, Wenatachee, Washington. 

2 Reeves, E. L., EarleC. Blodgett, T. B. Lott, J. A. Milbrath, B. L. Richards, andS. M. Zeller. 
1951. Western X-Disease. In Virus Diseases and Other Disorders with Viruslike Symptoms of Stone 
Fruits inNorthAmerica. U.S. Dept. Agr. Agr. Handb. 10, pp. 43-52, illus. 
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Table 1. Infections obtained on Lovell peach seedlings used in transmission 
tests with western X-disease virus, using stored inoculum from 
J. H. Hale peach trees, 1953. 


Trees inoculated 


Storage period : Storage : and : Transmission 
(days) : date : trees infected : (percent) 
: (number) 
Ist - 5th Aug. 18-22 13/157 87 
6th - 10th Aug. 23-27 10/15 67 
11th - 15th Aug. 28- Sept. 1 7/15 47 
16th - 19th Sept. 2- 5 3/12 25 


@Numerator is the number of trees infected. Denominator is the number of trees 
used during the period indicated. 


three additional test trees per day. During the first 15-day period, August 17 through 31, only 
two of the 45 test trees employed failed to become infected. During the last 5-day period, 
September 1 through 5, five of the 15 test trees involved failed to become infected. It is con- 
sidered that the decrease in percentage of transmissions obtained with the freshly cut inoculum 
during the first 5 days of September can logically be attributed to two factors. The probable 
causes of this decrease are 1) that the best inoculum from the source trees had been used prior 
to the last 5-day period, and 2) that there had been a build-up of peach mildew on the source 
trees which made selection of the best material more difficult. 

Under the conditions of the experiment, the viability of western X-disease virus decreased 
gradually in peach budwood but the virus was still partially infective up to 19 days of storage. 
Since the end point of infectivity was not reached in this test, further work, with longer storage 
periods and varied storage conditions is in progress. 


HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, 
UNITED STATES DEPARTMENT OF AGRICULTURE, WENATCHEE, WASHINGTON 
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THE OCCURRENCE AND DISTRIBUTION OF THE X-DISEASE 
VIRUS OF PRUNUS IN MINNESOTA 
Paul R. Fridlundl and T. H. King 


Fridlund (1) previously reported that chokecherries (Prunus virginiana) infected with X- 
disease virus were found in 31 counties in Minnesota. Chokecherries infected With this virus 
have now been found in 76 of the 87 counties in Minnesota. More intensive surveys probably 
would reveal the presence of the disease in the 11 counties in which it was not found. All iden- 
tifications of the disease were made on chokecherry, which in Minnesota has the very charac- 
teristic red leaf symptoms, 


in 
‘ which the 
disease has 
been found. 


FIGURE 1. The distribu- 
tion of the X-disease virus of 
Prunus in Minnesota, from 
surveys made in 1954. 


The shaded areas in Figure 1 show the counties in which the disease has been found, The 
disease apparently occurs throughout the State, and it probably is present in all adjacent States 
and Canadian Provinces. Reports of the occurrence of the disease in Wisconsin (2) and North 
Dakota (3) corroborate this opinion. 

The incidence of the disease is much lower in the southwestern and western parts of the 
State than elsewhere, This apparently is due in part to the low concentration of host plants and 
the relatively great distances between them, In the prairie counties of southwestern and western 
Minnesota susceptible trees are less abundant and plantings are more or less confined to wind- 
breaks and scattered wild locations. However, in the northern and eastern parts of the State, 
Prunus virginiana is very abundant, and growing sites are close together. In these areas the 


percentage of infected trees is rather high. 


1 This project was financed in part through matching State and Federal funds received from the Agri- 
cultural Marketing Service, United States Department of Agriculture, under provisions of the Agri- 


cultural Marketing Act of 1946, Paper No. 880 of the Miscellaneous Journal Series of the Minnesota 
Agricultural Experiment Station, 
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AND FOOD, ST. PAUL, AND DEPARTMENT OF PLANT PATHOLOGY AND BOTANY, 
INSTITUTE OF AGRICULTURE, UNIVERSITY OF MINNESOTA, ST. PAUL, MINNESOTA 
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A WASHINGTON STRAIN OF THE CEREAL YELLOW DWARF VIRUS 


G. W. Bruehl and H. Toko! 


In October, 1954, a wild grass (died without heading) with an indistinct leaf mottle was 
collected near Walla Walla, Washington, Efforts at manual transmission to wheat with express- 
ed juice and carborundum failed, The apple grain aphid, Rhopalosiphum fitchii (Sanderson), 
was reared upon this collection. Several adults were transferred to Baart 462 wheat in the 
four- to five-leaf stage. About heading time one to two top leaves were mottled. This process 
was repeated with the same result. These symptoms were unconvincing. This aphid was then 
reared upon the slightly mottled wheat and several adults transferred to seedling Baart 46, 


Atlas 46 barley, and Fulghum oats. The same mild pattern resulted on the wheat, while typical a 
but moderate symptoms of cereal yellow dwarf’ occurred on Atlas 46, and the Fulghum oats i 2 


was severely afflicted with red leaf, stunted to 1/3 normal height, and tillering was suppressed. 
The aphid was obviously transmitting something and the tests were expanded, 

Twenty varieties of spring wheat ,14 of barley, and 35 of oats were sown in 6-inch standard 
clay pots March 10 to 15, and thinned on emergence to two plants per pot. When the first leaf 
was 1 to 2 inches high two viruliferous adults were transferred to each seedling, allowed to feed 
2 to 3 days, and removed by fumigation. Inoculations were completed between March 19 and 26, 
Four inoculated and four check pots of each variety were grown, The population of two plants 
per pot gave good growth and allowed observation of tillering and general development. Incuba- 
tion was at65° to 70° fF, Frequent fumigations with nicofume produced some foliage injury but 
it was equal on checks and inoculated plants. No comparative studies with virus-free aphids 
were made. This was done with the same species of aphid in California4, and it was thought 
that two adults feeding 2 to 3 days would not produce permanent injury. 

Observations 14 days after inoculation indicated that the Washington strain was more dam- 
aging to oats than to barley or wheat. About 30 days after inoculation varietal comparisons 
were made. Marked varietal differences existed (Fig. 1) in all three cereals. Among the wheats 
Baart, Baart 38, Lemhi, Awned Onas, Onas 53, and two Kenya x Lemhi selections were suscep- 
tible, with Idaed being quite tolerant. Among the barleys Winter Club (White Winter) was sus- 
ceptible with Hanna 226 and Ymer being fairly tolerant. Among the oats Cody, Craig, Exeter, 
Improved Garry, Marida, Overland, C. I. 4189 x Overland, Simcoe, and Shelby were highly 
susceptible. At 35 days after inoculation seven out of eight plants of Exeter were dead. Ban- 
nock was probably most tolerant, with Ajax, Andrew, Rodney, and Roxton, fair. 

Symptoms on wheat, oats, and barley were typical of those described* for cereal yellow 
dwarf, Leaf serrations occurred occasionally on all three, as did a leaf distortion resulting 
from tightly twisted leaf rolls impeding leaf emergence from the whorl. Mottling was the most 
common symptom, Oats showed red to salmon depending on variety; wheats showed yellowing 
with some varieties developing purple pigments on the leaf sheaths or blades, and barleys gen- 
erally yellowing. 

The fact that Baart 46 wheat and Atlas 46 barley were not severely stunted in seedling 
stages showed some discrepancy in varietal reaction with California observations. This pos- 
sibility of a strain difference was explored further, 

In California both the apple grain and the English grain aphids are efficient vectors, The 
apple grain aphid was obviously effective in Washington as well, but a single trial with the Eng- 
lish grain aphid (Macrosiphum granarum) (Kirby)* indicated it may be a poor vector of the 
Washington strain. In this trial two viruliferous adults were allowed to feed 3 days on each Ful- 
ghum oat seedling. In 18 days-there were 13 transmissions on 39 plants for the English grain 
aphid and 39 out of 40 for the apple grain aphid. 

To test varietal relationships further, several varieties of known reaction in California 
were subjected to the Washington strain (Table 1). 

The distribution or importance of this disease in Washington is. unknown, but will be ex- 
plored during the 1955 season. The indication of strain differences as shown in the reactions 


1 Associate pathologistand research assistant respectively. 

2 The number signifies a certain variety ina back-cross series. 

3 Oswald, John W., and Byron R. Houston. 1953. The yellow-dwarf virus disease of cereal crops. 
Phytopath, 43: 128-136. 


4 The aphids were kindly identified by C. A. Johanson, State College of Washington, andE, O. Essig, 
University of California, Berkeley. 
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Atlas 46 Winter Club (White Winter) 


FIGURE 1. Barley and oats about 4 weeks after inoculation with the 
Washington strain, cereal yellow dwarf, Left plants of each pair healthy, 
right plants diseased. A -- Atlas 46 barley (tolerant), B -- Winter Club 
(susceptible). C -- Ajax oats (tolerant), D -- Overland (susceptible), 
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Table 1. Comparison of observed reaction of several small grain varieties to the 
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Washington strain of cereal yellow-dwarf virus, after 26 days incubation, with 


a 


described reactions to the California strain*. 


HOST Reaction to indicated strain 

California strain Washington strain Agreement 
BARLEY 
Atlas 46 Severe stunting Mild Poor 
Abate No stunting No stunting Good 
Blackhulless Extreme susceptibility Extreme susceptibility Good 
Club Mariout SuSceptible Susceptible Good 
C.. 5, 1227 Tolerant Tolerant Good 
C.. 1, 1237 Tolerant Tolerant Good 
C. I, 2376 Tolerant Tolerant Good 
Rojo Tolerant Susceptible Poor 
Hannchen Tolerant Tolerant 
OATS 
California Red Very susceptible Very susceptible Good 
Kanota Tolerant Susceptible Poor 
Palestine Intermediate Susceptible Fair 
Ventura Intermediate Susceptible Fair 
Victory Tolerant Moderately susceptible Fair 
WHEAT 
Baart 38 Very susceptible Susceptible Good 
RYE 
Merced Tolerant Tolerant + Good 


4 Oswaldand Houston, Phytopath, 43: 128-136, 1953. Mostof these seeds were kindly sent by 
C. W. Schaller. Six to ten aphids per seedling 1 to 2 inches high were used to approximate California 


methods, with five plants per pot. 


of Atlas 46, Rojo, Kanota, and Baart 46, points up the old problem of determining strain rela- 
tionships before varietal differences can be used in control. 


If this strain is representative of 


the virus in this area, oat varieties in general will suffer more than wheat or barley. 


DEPARTMENT OF PLANT PATHOLOGY, WASHINGTON STATE EXPERIMENT STATION, 


PULLMAN, WASHINGTON 
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PREVALENCE, SOURCES OF RESISTANCE, AND INHERITANCE 
OF RESISTANCE TO BARLEY STRIPE MOSAIC (FALSE STRIPE)! 


R. G. Timian and W. W. Sisler2 
Abstract 


Stripe-mosaic virus of barley has been found in most States in the upper Mississippi Valley, 
In North Dakota, over 90 percent of the fields examined were infected. Rod row trials indicated 
that this virus can cause severe yield reductions, "Resistance" to one strain of the virus was 
found in a few barley varieties. Limited studies indicate that this "resistance" can be trans- 
ferred to other varieties. 


Stripe mosaic virus of barley, first identified in 1950 by H. H. McKinney and reported in 
1951 (3), has been found in seed samples or leaf tissue of barley in most States in the Upper 
Mississippi Valley. An intensive field survey covering about 2,000 miles was made in North 
Dakota during the spring and early summer of 1954. Plants infected with stripe mosaic were 
found in 199 (93 percent) of the 214 fields examined. Severity of infection varied from a trace 
to more than 50 percent. 

Seed collected from growers in 44 of the 53 counties in North Dakota through the coopera- 
tion of farmers and Extension personnel was assayed for stripe mosaic. Fifty-four (47 percent) 
of the 115 seed samples collected contained a trace to 15 percent infected kernels. A greater 
number of samples probably were infected but the size of the sample grown was not large enough 
to properly classify all seed lots containing trace amounts of infection. 

Yield trials comparing virus-infected and virus-free barley were conducted in cooperation 
with barley workers in the Upper Mississippi Valley area during 1954. Two varieties, Mars 
and Manchuria (C.I. 2330)3, were grown at all stations. Yield reduction due to virus infection 
averaged 17 percent in Manchuria and 24 percent in Mars, although the initial infection of the 
virus-infected seed was 62 percent in Manchuria and 22 percent in Mars. The differences may 
be due to virus strain effects, to varietal differences, or to the possibility that infection through 
the seed is less damaging to the plant than infection occurring during the growing season, The 
number of healthy plants infected during the growing season was greater in Mars than in Man- 
churia, The average yield reductions obtained are comparable to those reported by Eslick (1) 
in Montana but somewhat lower than Hagborg (2) obtained in comparing yields of virus-free and 
virus-inoculated plots. 

Part of the barley world collection was screened for resistance to stripe mosaic. All of 
the spring barleys from Abyssinia were inoculated in the greenhouse during March 1954, with a 
culture of stripe mosaic obtained from the Manchuria variety (C.I. 2330). A few entries exhi- 
bited tolerance to the virus as indicated by a very mild and delayed symptom expression. Two 
of the promising entries, Modjo (C.I. 3212) and C, I. 3212-1, were tested further. They were 
inoculated with three isolates of the false stripe virus: 1) one from Manchuria barley (C.I. 2330) 
obtained from Aberdeen, Idaho, 2) another obtained from W. A. F. Hagborg, University of 
Manitoba, Winnipeg, Manitoba, and 3) California "E" strain obtained from C. A. Suneson, Uni- 
versity Farm, Davis, California, Both entries appeared to have some degree of "resistance" 
to the California isolate as only 7 percent of the inoculated plants became infected. Apparently 
some degree of tolerance to the other two isolates also is present as only 70 percent of the plants 
became infected (35 percent expressed symptoms) from the first inoculation, and only 95 per- 
cent were infected after a second inoculation. The number of infected plants was determined by 
inoculation to the susceptible variety Black Huiless (C.I. 666). Non-infected plants are being 
tested further. 

Field planting and inoculation of the same groups of barleys during the summer of 1954 con- 
firmed the results of the greenhouse test. Four entries, Modjo (C.I. 3212), and C.I. Nos. 
3212-1, 4219, and 5020, developed ho symptoms in the field trial, 


1 Published with the approval of the Director of the Agricultural Experiment Station, Fargo, North 
Dakota. 

2 Plant Pathologist, Field Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture, and AssistantAgronomist, North Dakota Agricultural Experiment 
Station, Fargo, North Dakota, respectively. 

3C. I. refers toaccession number of Cereal Crops Section, Field Crops Research Branch. 
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Crosses were made during the summer of 1954 between false stripe-susceptible lines from : 
the breeding nursery at Fargo and the four entries that showed no symptoms in the field test. - 
F; plants were grown in the greenhouse in the fall. Seedlings of Fg plants and parent varieties 
were inoculated in the two-leaf stage with the California "E" strain of false stripe. 

Severe symptoms were observed in all plants of the susceptible parents 5 days after inocu- 
i lation, Plants of the "resistant" parents did not show symptoms at any stage of growth. Symp- 4 
' toms developed in the F2 plants at various intervals after inoculation. The progressive increase 


a in the number of Fp» plants that déveloped symptoms is illustrated in Table 1. 
Table 1, Progressive development of symptoms of California "E" strain false 
stripe in inoculated F9 plant populations. 
i Cross or Ratio of Plants with and without Symptoms 
Variety Days after Inoculation 
t) 5 i 1l 20 37 
Fo Families 
B103-9 x C.I. 4219 11:34 14:30 29:15) 29:15 
Bl05-8 x Modjo (C.I. 3212) 264346 2:18 
B105-12 x Modjo (C.I. 3212) 632164 $1:146 118:109 154:73 168:59 
| B105-8 x C.I. 3212-1 29:81 37:72 «55:53. «75:33 81:27 
Varieties 
B103-9 40:0 
d 
B105-8 27:0 
B105-12 42:0 
C.I. 3212 (Modjo) 0:33 0:33 0:33:33 
) 
e C.I. 3212-1 0:31 0:31 O31 0:31 0:31 
30) 
4219 0:6 0:6 0:6 0:6 0:6 
i- 
y i Five days after inoculation all Fg families showed a satisfactory fit toaratioofl plant with 
ints symptoms to 3 plants with no symptoms. Ratios 37 days after inoculation were recorded after 
the symptomless plants had been tested for presence of the virus by inoculation on Black Hulless. 
bY Infected plants in which no symptoms were observed 37 days after inoculation developed symp- 
toms ata later date, The final ratios satisfactorily fit a ratio of 3 plants showing symptoms to 
rom 1 showing no symptoms. 


i The mode of inheritance in these crosses may not be conclusive, but approximately one- 
fourth of the Fg segregates appeared to be resistant or tolerant to the "E" strain of false stripe. 
Second generation plants from other crosses are now being tested. 


Literature Cited 


1. Eslick, R. F. 1953. Yield reductions in Glacier barley associated 
with virus infection, Plant Dis, Reptr. 37: 290-291, 

2. Hagborg, W. A. F. 1954. Dwarfing of wheat and barley by the barley 
stripe-mosaic (false stripe) virus. Canad, Jour. Bot, 32: 24-37. 
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3. McKinney, H. H. 1951. A seed-borne virus causing false stripe in barley. 
Phytopath, 41: 563-564, 


FIELD CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE, AND NORTH DAKOTA AGRICULTURAL EXPERIMENTAL 
STATION, FARGO, NORTH DAKOTA 
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TRANSMISSION OF TOBACCO-RATTLE VIRUS BY MEANS OF DODDER 


J. P. H. van der Want! 


In 1948 Rozendaal and van der Want demonstrated that a soil-borne virus was the cause of 
the rattle disease of tobacco and the stem-mottle disease of potatoes in the Netherlands. It was 
shown that the virus could easily be transmitted from tobacco to tobacco or from potato to 
tobacco by sap inoculation. Mechanical transmission was favored by temperatures below 25° C 
and no transmission could be obtained above 30° C. Although in the field potato plants showed 
systemic symptoms of rattle disease, only localized necrotic lesions were produced in me- 
chanically inoculated potato plants in the greenhouse. Repeated attempts (1, 2) of rattle virus 
transmission, viz. by tuber or stem grafting, were unsuccessful or gave very poor results. 

It seemed that movement of rattle virus was hindered when the virus was introduced into potato 
plants by artificial means. In nature, plants probably become infected in a somewhat different 
manner, but little is known about the way or ways in which it takes place. The persistence of 
infectivity of rattle virus in the soil also presents an as yet unsolved problem. Although potato 
plants came down with stem-mottle disease when planted in pots containing the original soil 
from fields where the disease occurred naturally, no infection could be produced in potato 
plants grown in sterilized soil that was mixed with sap and pulp of rattle-diseased tobacco 
plants. 

The inadequacy of available transmission methods prompted a study of new and more ef- 
ficient procedures for the inoculation of plants with tobacco-rattle virus. It was already known 
from earlier tests (van der Want, unpublished data) that China aster (Callistephus chinensis) 
plants were susceptible to tobacco-rattle virus. Aster plants inoculated mechanically showed 
systemic necrosis accompanied by deformation of the leaves. These systemic symptoms ap- 
peared within 14 days after inoculation. 


FIGURE 1. China aster plant 
infected with tobacco-rattle virus by 
means of Cuscuta campestris. At 
the right a healthy control plant. 
(Photograph by J. A. Carlile). 


In view of the successful transmission of various plant viruses by means of species of 
Cuscuta, an attempt was made to transmit the rattle virus from asfer to aster plant by means 
of Cuscuta subinclusa and C. campestris. Shoots of the two species of dodder were placed on 
systemically diseased aster plants and removed to healthy aster plants after a few days. No 
transmission was obtained with C. subinclusa. However, with C. campestris the tobacco- 
rattle virus was easily transmitted from aster to aster in three subsequent series of tests. 
Systemic symptoms of the disease appeared within 14 days (Fig. 1). Subinoculations with sap 
from these infected aster plants to leaves of Turkish tobacco (Nicotiana tabacum) plants resulted 
in the formation of characteristic local lesions 5 days after inoculation. 

The rattle disease affected not only the aster plants, but also the dodder shoots used for 
transmission. C. campestris grew poorly and became severely stunted, The strikingly short 


TOn leave from the Institute for Phytopathological Research, Wageningen, The Netherlands, witha 
stipend from the Netherlands Organization for Pure Research(Z. W.O.) anda Fulbright Travel 
Grant. 
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FIGURE 2. A -- Cuscuta campestris infected with tobacco-rattle 
virus; note dwarfing and short internodes. B -- Healthy dodder shoot. 
(Photograph by J. A. Carlile). y 


internodes of diseased dodder are shown in Fig. 2. Infected dodder turned a deep orange color, | 
resembling that of starving dodder grown on old drying plants. Shoots of infected dodder plants — 
were macerated in a few drops of water and the juice used for inoculation of Turkish tobacco ) 
plants. The rattle virus was recovered from these infected shoots, as shown by the production 
of characteristic local lesions. 

As far as known, rattle virus is the first soil-borne virus transmitted by means of dodder. 2 


Literature Cited 


1. Rozendaal, A., and J. P. H. van der Want. 1948. Over de identiteit van het ratelvirus 
van de tabak en het stengelbontvirus van de aardappel. Tijdschr. Plantenziekten 
54; 113-133. 

2. vander Want, J. P. H. 1952. Some remarks on a soil-borne potato virus. Proc. 
Conf. Potato Virus Diseases, held Aug. 13-17, 1951, Wageningen-Lisse. p. 71- 
V5. 


THE LABORATORIES Or THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW 
YORK, NEW YORK. 


Before the manuscript was prepared, anote by K. Schmelzer appeared in Naturwissenschaften 42: 
19, 1955, in which the author reports the transmission of the same isolate of rattle virus from tobacco 
to tobacco by means of Cuscuta campestris andC. subinclusa. 
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ASCLEPIAS CURASSAVICA, A NATURAL HOST 
OF CUCUMBER-MOSAIC VIRUS IN BRAZIL 


K. Silberschmidt 


Summary 


1) At Itaquera near Sdo Paulo, Brazil, plants of Asclepias curassavica (bloodflower) were 
found displaying symptoms of cucumber-mosaic. Many years ago, milkweed (Asclepias 
syriaca), a species belonging to the same genus as bloodflower, had been described by several 
authors as a natural host of cucumber-mosaic in the United States. 

2) In comparative inoculation tests performed in the greenhouses of the "Instituto 
Biolégico" with several strains of cucumber-mosaic virus, we succeeded in inducing mosaic 
symptoms in seedlings of Asclepias curassavica only with the strain originally derived from 
this host species. 


Already a quarter of a century ago milkweed (Asclepias syriaca L.) was shown by several 
authors (1-4) to be a wild host of cucumber-mosaic virus in the United States. Even to-day it 
is the only representative of the Asclepiadaceae quoted in several lists of the natural hosts of 
this virus (5, 6). 

Another species of the same genus may have a similar importance in Brazil for the natural 
dissemination of the cucumber-mosaic virus. 

On an excursion to Itaquera (neighborhood of Sto Paulo) on November 21, 1954, near the 
border of a pumpkin patch, we found some plants of Asclepias curassavica L. (bloodflower) 
with curled leaves exhibiting chlorotic bands or annular chlorotic spots (Fig. 1). 

In mechanical inoculation tests in the greenhouses of the "Instituto Bioldgico", Sao Paulo, 
the sap from these leaves induced mottling and blistering in tobacco plants (Nicotiana tabacum) 
and a reduction of the leaf-blade (filiform leaves) in plants of N. glutinosa. The results of 
these and some other experiments confirmed our supposition that the plants of Asclepias 
curassavica collected in Itaquera were naturally infected by a strain of cucumber-mosaic virus. 
Since at the time we collected this sample we were testing some other strains of cucumber- 
mosaic virus, we included this new strain into our comparative series. We found that some of 
its characters agree with those which Doolittle and Walker had described in connection with the 
strain obtained from milkweed in the United States (4). 

In direct inoculation experiments by mechanical methods from cucumber to milkweed 
Doolittle and Walker succeeded in inducing mosaic symptoms in only two seedlings of Asclepias 
syriaca out of a total of 15 plants inoculated in the field and greenhouse. On the other hand, 
they experienced no difficulty in infecting cucumber plants by artificial inoculation with the 
crushed leaf tissues of the milkweed. In our own experiments with the strain of cucumber- 
mosaic virus harboured by Asclepias curassavica we obtained similar results. 

In comparative tests we inoculated healthy seedlings of Asclepias curassavica in separate 
batches with one each of the several strains of cucumber-mosaic virus under study. 

The results of these inoculation tests, given in Table 1, show that strains of cucumber- 
mosaic virus deriving originally from other plants did not induce disease symptoms in Asclepias 
curassavica; also that the infectivity for seedlings of A. curassavica of the strain of cucumber 
mosaic-virus originally obtained from spontaneously infected plants of this species depended on 
the intermediate host to which the virus had been transferred. With inoculum from plants of 
Nicotiana glutinosa experimentally infected with the A. curassavica strain, we did not succeed 
in inducing symptoms of cucumber-mosaic in A. curasSavica seedlings, although the same 
inoculum proved to be highly infective to Nicotiana glutinosa, N. tabacum, Phaseolus vulgaris, 
Vigna sinensis, and Cucumis sativus. Some of the A. curassavica seedlings inoculated with sap 
from infected plants of N. tabacum showed symptoms of cucumber mosaic. 

One hundred percent infection was obtained in the tests in which the inoculum was prepared 
from infected plants of A. curassavica. The symptoms exhibited by experimentally infected 
plants are very similar to those observed in the field. The first symptoms consist in a clearing 
of the veins, followed by veinbanding of the youngest leaves. Later, chlorotic spots and rings 
appear on the middle leaves (Fig. 2). Ina still later stage the young leaves do not show 
symptoms, whereas the older leaves are curled and wrinkled (Fig. 3). 
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FIGURE 1. Center and left: Leavesofaplantof Asclepias curassavica spontaneously 
infected with cucumber-mosaic virus, Right: Leaf of healthy check plant. 
FIGURE 2, Center and right: Young and medium leaves of plants of Asclepias curas- 
savica experimentally infected with cucumber-mosaic virus, Left: Leaf of healthy check 
plant, Lit 

SE 


FIGURE 3, Left: Plant ot Asclepias curassavica showing curled 


and wrinkled leaves as advanced symptoms of infection by cucumber- 
mosaic virus. Right: Healthy check plant, 
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Tabie 1. Results of inoculation of Asclepias curassavica with cucumber-mosaic virus from 
various source plants. 


be Original source : Intermediate :__Number of plants _: Percent of 
t of strain? : hostb : Inoculated : Infected : plants 
: : infected 
} 1, Commelina nudiflora Nicotiana tabacum W, B. 14 0 0 
N. glutinosa 5 0 0 
2. Cucumis sativus N. glutinosa 2 0 0 
3. Zinnia elegans N, glutinosa 2 0 0 
' 4, Asclepias curassavica Phaseolus vulgaris 6 0 0 
N. glutinosa 8 0 0 
N, tabacum w, B, 17 6 35,29 
A, curassavica 8 8 100 


a Original source species for each strain, 
b Intermediate host from which the sap for the inoculations was prepared. 
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USE OF 2, 3, 5-TRIPHENYL TETRAZOLIUM CHLORIDE TO DETECT 
THE PRESENCE OF VIRUSES IN PLANTS 


John M. Beal, William H. Preston, Jr., and John W. Mitchell! 


2, 3, 5-Triphenyl tetrazolium chloride has shown promise as a color test to detect some 
viruses in plants. The test involves a relatively rapid change in the color of virus-infected 
tissues placed in an aqueous solution of the compound, compared with a similar but much 
slower color change in virus-free tissues. The color change is from green to rust, to amber 
and finally to blood-red. Four consecutive free-hand stem or petiole sections were placed in 
aliquots of the solution contained in small aluminum foil dishes. Color changes in the tissues 
were noted at intervals during the following hour, but at 350 C maximum differences were 
usually observed within 15 to 30 minutes after the sections were immersed. Steps in the color 
change were assignedthe numbers 0, 1, 2, and 3, respectively. By multiplying the number of 
sections of a specific color by the corresponding color number, a color index was obtained. 
This value was divided by the total possible score (all sections blood-red) and multiplied by 100 
to obtain a percentage color rating (Table 1). 

Effect of temperature on the rate of color development was determined by placing stem 
sections from virus-free bean plants (Pinto) and comparable sections from plants with stems 
inoculated and necrotically infected with southern bean mosaic virus (SBMV) in separate dishes 
maintained at different temperatures. A 0.5% solution of the compound was immediately added. 
Some sections were maintained in the solution at 20°, some at 30°, and others at 40° C. Color 
of the uninfected sections was rated as 0, 11, and 56 percent, respectively, at the end of a 
25-minute period following immersion. Ratings of infected sections were 56, 100, and 100 per- 
cent, respectively. It was concluded that a temperature of about 35° was most suitable since 
at 40° color developed too rapidly for accurate comparisons. 

Similar plant sections were used to determine the effect of tetrazolium concentration. Un- 
infected sections in solutions containing 0.125, 0.25, 0.5, 1.0, and 2.0% of the compound at- 
tained maximum percentage color ratings of 20, 47, 40, 33, and 20, respectively, during a 
30-minute period immediately following immersion. Comparable sections from the infected 
plants rated 80, 87, 100, 100, and 100 percent, respectively. Temperature of the solutions 
was maintained at about 35° C. It was concluded that a concentration of 0.5 to 1.0% was 
suitable for the tetrazolium test under the conditions used. 

Microtome sections 0.1, 0.25, 0.5, and 1 mm thick were cut from stems of SBMV-infected 
bean plants. All were placed in a 0.5% solution of the compound and maintained at 35° C for 
30 minutes. At the end of this period percentage color ratings were 0, 0, 17, and 92, re- 
spectively. It was concluded that stem sections should be at least 1 mm thick to avoid injury to 
cells in the center of the sections. The amount of injury would also depend upon sharpness of 
the knife used, succulence of the tissue, and possibly other factors. 

Sections of Black Valentine bean plants systemically infected with SBMV obtained about 7 
days after inoculation from the succulent portion of the stem, two or three nodes below the 
terminal bud and about midway between nodes proved most useful. 

Since the tetrazolium test is based on a difference in rate of color change in sections from 
virus-free and comparable sections from virus-infected plants, validity of the results depends 
upon the use of virus-free reference plants. Since some plants are known to harbor latent 
viruses and thus exhibit no visible symptoms, this requirement may limit to some extent the 
usefulness of the test. The degree of maturity and state of metabolic activity of the tissues may 
also affect the color changes. 

In preliminary trials, during December 1954, positive tetrazolium tests were obtained 
using the following virus-infected plants: snap beans (Bountiful) infected with pod mottle virus, 
snap beans (Black Valentine) infected with common bean mosaic virus, sugar beets infected with 
curly top virus, sugar beets infected with yellows virus, sweet corn (Golden Giant) infected with 
cucumber mosaic virus, tobacco infected with tobacco mosaic virus, and chrysanthemum in- 
fected with stunt virus. The percentage color ratings for 5 viruses were recorded after the 
sections had remained in the 0.5% solutions for 15 to 30 minutes at 35° C (Table 2). 

It has.been shown that a red color developed when 2, 3, 5-triphenyl tetrazolium chloride was 
added to stem tissues previously treated with 2, 4-dichlorophenoxyacetic acid (1). Results 


“Collaborator, Biological Science Aid, and Principal Plant Physiologist, respectively, Agricultural 
Research Service, United States Department of Agriculture, Beltsville, Maryland. 
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Table 1. Color changes produced in stem sections* from virus-free and virus-infected (SBMV) 
Black Valentine plants immersed in 2, 3, 5-triphenyl tetrazolium chloride. 


559 


Minutes Virus-free plant : Virus-infected plant 
after No. of : Color: Color: Percentage : No. of Color : Color: Percentage 
immersion : sections : ; index : color rating : sections : : index : color rating 
2 Rust 2 
7 a Green 0 0 2 Green 0 17 
15 4 Green 0 0 4 Rust 4 33 
3 Amber 6 
20 + Green 0 0 1 Rust 1 58 
2 Blood -Red 6 
30 4 Green 0 0 2 Amber s 83 


* Four 1-mm adjacent sections obtained from each plant. 


Table 2. Color ratings of sections of virus-free and virus-infected plants immersed in 


2, 3, 5-triphenyl tetrazolium chloride. 


Plant Virus : Plant part : Minutes after : Percentage color rating 
: immersion : Virus-free : Virus-infected 

Bean Southern bean 
(Black Valentine) mosaic Stem 30 0 83 
Tobacco Cucumber Stem 15 25 83 
(Samsum) mosaic Petiole 15 8 100 
Tomato Tobacco Stem 15 42 100 
(Marglobe) mosaic Petiole 30 8 75 
Sugar Beet 
(Unknown variety) Savoy Petiole 20 33 100 
Sugar Beet Sugar beet 
(US-225) mosaic Petiole 20 33 100 
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described here indicate that virus multiplication may have altered metabolism somewhat as 
2,4-dichlorophenoxyacetic acid did and therefore red color developed. Others (2, 3,4,5,6) have 
reported color tests for the detection of viruses in plants. 

The authors greatfully acknowledge the aid of the following persons for supplying virus- 
free and virus~infected plants: W. J. Zaumeyer, Dewey Stewart, H. H. McKinney, S. P. 
Doolittle; and for reviewing this paper. 
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FUNGICIDES -- PAST, PRESENT AND FUTURE! 


THE MODE OF ACTION OF FUNGICIDES 


Hubert Martin 


The artful triad of the title of this symposium was doubtless intended to encourage con- 
tributors to dissect their subject matter into three parts and I am pleased to adopt this sug- 
gestion in discussing research on the mode of action of fungicides. 

Past work centred naturally on the three main groups of compounds which, sifted by 
empirical trial, had come into practical use for the protection of plants from fungal pathogens. 
These three groups are the sulfur, copper, and mercury fungicides and because it was deemed 
correct to regard their action as one of prophylaxis, their effect on the pathogen received first 
attention. Indeed, nothing further seemed necessary for these fungicides were capable of the 
inhibition of mycelial growth in vitro or of spore germination on glass slides. Hence the host 
plant came to be regarded as an inactive partner in the processes by which it became protected 
from attack. Moreover, the fungi are so prolific in spore production that the collection of 
large spore populations of high biological uniformity is a simple matter. When, in 1921, 
Henderson Smith pointed out that the sigmoid character of the toxicity-concentration curve was 
due to variability in the tolerances of the individual spores to the fungicide, it was realized that 
such spore populations are excellent material for statistical bioassay techniques. 

The introduction of the probit by Bliss (1) in 1934 permitted, often, the expression of the 
results of the bioassay as a linear equation relating probit inhibition to the logarithm of the 
concentration, an equation involving two terms, the median lethal dose and the regression 
coefficient. The regression coefficient is then a direct measure of the variability for it is the 
reciprocal of the square root of the variance. It provides, therefore, a measure of the uni- 
formity with which the individual spores of the test population respond to the compound under 
test and it is evident, when two compounds yield the same regression coefficient in parallel 
tests, that a common reaction is involved in the toxicology of two compounds. 

As a simple example of the conclusions to be derived from such a probit study, I have 
selected some figures obtained in the course of survey of the copper compounds (Martin, Wain 
and Wilkinson, 12) as inhibitors of the germination of spores of Stemphylium sarcinaeforme 
(Table 1). It will be seen that the regression coefficients for copper chloride, copper sulfate, 
and sodium cuprimalate are similar. Moreover, both Bordeaux and Burgundy yielded this 
same regression coefficient, which differs widely from those obtained with the basic sulfate and 
basic carbonate. From their chemical study Pickering, W6ber, and other early workers had 
concluded that the precipitate of these mixtures consisted of basic sulfate and basic carbonate 
respectively, but the probit assay indicates that this is an erroneous conclusion. Support is 
given to the alternative view (Martin, 11) that the precipitate of Bordeaux mixture is cupric 
hydroxide stabilized by adsorbed calcium sulfate. 

It is tempting to suggest that the factor responsible for the common regression coefficient 
yielded by Bordeaux mixture and the uncoordinated copper compounds is the cupric ion. The 
lower regression coefficient of the basic salts indicates that the spores are more variable in 
their response to these compounds, and it is probable that the cause of this greater variability 
rests in differences in the capacity of the individual spores to produce cupric ions from these 
compounds. Yet it is difficult to regard the cupric ion, with its high charge and degree of 
hydration, as the permeative fungicide. It is more logical to look for some lipoid-soluble 
copper compound and here is the probable reason for the lower variability of the spores to 
copper sebacate. Lipoid solubility is the factor responsible for the development and success of 
the organocupric and organomercury fungicides. 

Inevitably, fungicidal properties were found among purely organic compounds and the 
present decade has been a transitional period during which the organic fungicides have supple- 
mented or even displaced the older sulfur and copper fungicides. The bioassay approach to the 
mechanism of action has therefore become complemented by biochemical studies to which the 
present range of chemical techniques has been brought into play. An excellent example of this 
development is the employment by Miller and his colleagues (13) at the Boyce Thompson 


“Contribution No. 53, Science Service Laboratory, Canada Department of Agriculture, University 
Sub Post Office, London, Ontario, Canada. Invitation paper presented to a fungicide symposium, 
Potomac Division, American Phytopathological Society, March 4, 1955. 
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Table 1. Probit bioassay -- Stemphylium sarcinaeforme. Copper 


compounds, Regression coefficients (5) and variance® 


b V (b) 
Copper sebacate 9.9733 0.7103 
Copper chloride 5.9445 0.0155 
Sodium cuprimalate 5.6157 0.0404 
Copper sulphate 5.2728 0.0306 
Bordeaux mixture 5.0053 0.0063 
Burgundy mixture 4.9306 0.0828 
Basic copper carbonate 2.6250 0.0064 
Basic copper sulphate 1.7397 0.0009 
Basic copper chloride 1.5923 0.0034 


aFrom Martin, et al, (12). 


Table 2. Inhibition of germination of spores of Sclerotinia (Monilinia) fructicola. 


Regression of probit germination on concentration (ppm.). 


Regression : ED50 : Variability : V(bm) 
Compound : coefficient : ppm. : (1/b2m2)_ : 
(b) 
“2.5.” 1 0. 2540 8.37 0.2211 0.0966 
"4.0." 0.2250 11,28 0.1552 1.1197 
ETM 15.0855 1.04 0.004 3.2082 
Polymeric ETM 0.4620 7.55 0.0822 0.1528 
"Thioneb" 2 0.9204 6.94 0.0245 1.0873 


4A commercial polyethylenethiuram sulphide. 


Table 3. Fungitoxicity of nabam and related compounds in glucose agar; pH 6.5. 
Incubation period 2 days?. 
: Minimum concentration in ppm. causing 
Compound : complete growth inhibition 
Botrytis : Penicillium : Aspergillus : Rhizopus 
allii : italicum : niger : nigricans 
Nabam 1 0.5 2 10 
Ethylene diisothio- 
cyanate 0.05 0.02 0.05 10 
Ethylenethiuram 
monosulphide 0.5 0.5 1 5 


4 From Sijpesteyn and Van der Kerk (15). 
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Institute, of radioactive techniques for the study of the uptake of fungicides. An example, I will 
cite is, however, one which illustrates an extension of the probit method, and the supple- 
mentary use of modern techniques is provided by the work on the mode of action of nabam by 

Van Der Kerk and his colleagues (16) at Utrecht, and by Ludwig and Thorn (10) at the London, 
Ontario, Science Service Laboratory. 

The simplest explanation of the ability of the water-soluble nabam to protect foliage from 
fungus attack is by decomposition to an insoluble fungicidal residue. Such a residue is pro- 
duced by the gentle oxidation of dilute solutions of nabam which yields a yellow product which 
we have come to know affectionately as "goddam" (G.D.). Chemically, G. D. proved intractable 
but eventually it was found to contain, as active fungicides, ethylene thiuram monosulphide 
(E.T.M.) and polymeric E.T.M. The reactions involved are as follows: 


CHg.NH.CS.SNa CH,.NH.CS 


—— > | S  (C4HgN2S3), 
CH2.NH. CS. SNa NH.CS 


I 


CH2-N:C.SH 
| Ys 
CH2.N:C.SH 


The analysis of the inhibition of the germination of spores of Sclerotinia [Monilinia) 
fructicola showed that probit inhibition was proportional not to the logarithm of the concentration 
but to linear concentration itself. The extension of probit analysis to cover cases in which the 
concentration transformation is other than logarithmic was due to Parker-Rhodes (14) whose 
statistical treatment has been revised by Finney (6, pp. 172-182). It is sufficient for the 
present purpose to repeat that when the logarithmic transformation is effective, the variability 
is the reciprocal of the square of the regression coefficient in probit units. But probit units are 
derived from the normal frequency curve with mean zero and variance unity. Consequently the 
regression coefficient is the difference between the log. concentrations giving 84 and 50 percent 
mortalities and, being logarithmic, this difference is a ratio independent of the units in which 
concentration was originally expressed. But if the tolerance of the individual spores are 
normally distributed with concentration, the difference between the concentrations giving 84 and 
50 percent kills will have the dimensions of the original concentration, The expression for the 
variability must therefore now include a concentration term, for example, the LDs5 9, to render 
it dimensionless. Parker-Rhodes deduced the general case and showed that, in our example, 
variability is the product of regression coefficient and LDs, (Table 2). The high potency and 
the greater uniformity with which the spores respond to E.T.M. is strong evidence that this 
compound is involved in the fungicidal activity of nabam. 

Meanwhile, the Utrecht workers had discovered that the unstable ethylene diisothiocyanate 
is high fungicidal as shown in Table 3 and had suggested that this compound was the fungicidal 
derivative of nabam. Subsequently, having confirmed Ludwig and Thorn's identification of E.T. 
M. as the main component of G.D., they (Sijpesteyn and Van der Kerk, 15) suggested that E. T. 
M. reacted in its tautomeric form which contains the isothiocyanate radicle: 


s 
CHy.NH.C.~ CHa, -N=C-=S 
NH. -NH. CSH 
“Ss 


s 
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Experimental confirmation of this hypothesis proved difficult because of the instability of 
the isothiocyanate in aqueous median, but Ludwig and Thorn obtained the following evidence: 


1) Treatment of ethylenebisisothiocyanate with ammonia yields ethylenedithiobiuret, a 
compound analogous to E.T.M. 


CHy-N=C=S CH»-N=C=S | CH,.NH.C 
+ NH; —— || NH 
CH2-N=C=S CH2-NH-C-NHg | 


2) In the presence of certain metallic salts E.T.M. exhibits an enhanced fungicidal activity 
which is not fully explained by the fungitoxicity of the metallic salt alone (Table 4). 

3) In chloroform solution E.T.M., on admixture with zinc or ferric salts, gives an infrared 
spectrum in which appears the absorption bands at 1735, 2130, and 2210 cm-!, a feature of the 
spectrum of methyl isothiocyanate. 


Table 4. The fungicidal effectiveness of E.T.M. in zinc hydroxide suspensions®, 


: Test organism 
Sclerotinia fructicola Alternaria solani 


ppm. : Zn(OH)g:: Zn(OH)2 : Zn(OH)y : Zn(OH)g : Zn(OH)2 : Zn(OH)2 
: 0 pom. : 20ppm. : 0 10 pom. 20 ppm. 
5.00 100> 100 100 100 100 100 
2.50 81 100 100 45 100 100 
1.25 0 100 100 0 69 100 
0.62 0 98 100 0 27 100 
0.31 0 4 31 0 15 100 
0.16 0 0 0 0 0 97 
0.18 0 0 00 0 0 70 
0.04 0 0 0 0 0 62 
Control- 
no E.T.M. 0 0 10 6 8 30 


4 From Ludwig et al.(10). 
b Percentage non-germination in spore drops. 


A logical corollary of this hypothesis is the exploration of the isothiocyanate group as a 
toxophore conferring fungicidal activity among, for example, rhodanines and the thiadiazines. 
Similarly, the discovery of the fungicidal activity of captan and of certain triazines will most 
certainly encourage and intensify the present research for new fungicides. But to the phyto- 
pathologist a more interesting trend, which promises to have a profound influence on future in- 
vestigations of fungicidal activity, is an extension of the studies of the effect of the chemical on 
the fungal pathogen to its influence on the host-pathogen complex. This trend has at least two 
origins: the first is the realization of the part played by the phytotoxins resulting from the inter- 
action of fungus and host, chemicals to which Dimond and Waggoner (5) have applied the term 
"vivotoxins". G&umann (7) has recently advanced the all-embracive generalization that "micro- 
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organisms are pathogenic only if they are toxigenic''. The suggestion that by suitable host 
; treatment it would be possible to neutralize the phytotoxicity of the toxin has not progressed far 
‘ in practice since the expression "antidoting the toxins" was used by Howard (9) in 1941, but the 
suggestion stimulated interest in systemic fungicides. The second factor which has diverted 
attention to the diseased plant arose directly through this later work and was brought into focus 
t by Horsfall and his colleagues (8) at the Connecticut Agricultural Experiment Station. Davis 
(3), in particular, pointed out that a compound not itself fungicidal in vitro could reduce the 
f severity of wilt attack in tomatoes treated with the compound. The compounds tested by Davis 
and Dimond (4) included indoleacetic acid and other growth substances, chosen perhaps because 
Crowdy and Wain (2) had previously experimented with the idea that certain analogues of 2, 4-D, 
’ though inactive as growth substances, had a systemic fungicidal activity. Davis and Dimond 
found that 2,4-D did, in fact, reduce the severity of Fusarium wilt in tomato. At about this 
same time Andreae and Ludwig of the London Laboratory had begun investigations on the relation- 
ships between auxin balance in the host plant and its susceptibility to fungus attack. They used 
two main techniques for this work; in one they grew tomatoes of the wilt-susceptible variety 
Bonny Best and the wilt-resistant variety Pritchard and treated the plants by soil applications 
either of 2,4-D or of the suspected antiauxin maleic hydrazide. These treatments were made a 
’ week before, a week after, or at the same time as inoculation with Fusarium oxysporum. Pre- 


ty inoculation applications of 2,4-D decreased susceptibility to Fusarium wilt whereas post- 

inoculation applications increased susceptibility. Indications are that maleic hydrazide treat- 
red | ment induces the reverse effects. The second line of attack involved the use of tomatoes in- 
| 


fected with the virus of witches'-broom of potato. Such plants exhibit many symptoms, such as 
profuse branching, production of seedless fruit, freer rooting of cuttings, which are attributable 
to an elevated auxin level. Bonny Best tomatoes infected with witches'-broom virus exhibited a 
’ resistance to Fusarium wilt comparable to that of the Pritchard variety. This work is still in its 
preliminary stages and conclusive tests must await the development of an accurate method of 
assessing the auxin content of plant tissue. But this limited evidence does provide a basis for 
the prophecy that the future study of mode of action of fungicides will extend beyond the search for 


the reasons for funtitoxicity to an examination of the effect of the chemical on the host-pathogen 
relationship. 
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INCREASING THE EFFECTIVENESS OF STREPTOMYCIN AGAINST 
THE COMMON BLIGHT OF BEANS WITH GLYCERIN! 


Reed A. Gray 


Summary 


The addition of glycerin to streptomycin sprays caused a marked increase in the effective- 
ness of the antibiotic against the common bacterial blight of Pinto beans in greenhouse tests. 
This increase in effectiveness caused by glycerin was correlated with an increase in ab- 
sorption of streptomycin by the leaves. A spray containing 50 ppm streptomycin sulfate and 
1% glycerin was much better than a spray containing 200 ppm streptomycin alone. 


Mitchell et al. (2, 3) and Zaumeyer et al. (4) have reported on the use of streptomycin for 
controlling halo blight of beans caused by Pseudomonas phaseolicola and common bacterial 
blight of beans caused by Xanthomonas phaseoli. Streptomycin was less effective against the 
latter disease. Marlatt (1) reported that four applications of aqueous solutions containing 240 
and 1000 ppm of streptomycin failed to control common bacterial blight of pinto beans in the 
field. 

Glycerin, which was found to increase greatly the absorption of streptomycin by leaves2, 
was added to streptomycin sprays in the following greenhouse experiment to see if it would in- 
crease the effectiveness of the antibiotic in controlling the common bean blight disease. 

Fifty-six Pinto bean plants were selected at the age when their first trifoliated leaves were 
about one-half expanded to their full size. The 24 young trifoliate leaflets of eight plants were 
sprayed on the top surface until tiny droplets formed with 50 ppm streptomycin solution. The 
primary leaves were sprayed at the same time for absorption studies. A second row of eight 
plants was sprayed with a solution containing 50 ppm streptomycin sulfate and 1% glycerin by 
volume. This procedure was repeated using higher concentrations of streptomycin (100 and 
200 ppm) with and without added glycerin. One row of eight plants remained untreated as 
controls. Three days after spraying, the antibiotic was washed off the surface of all the leaves 
with several sprays of water and the leaves were blotted dry with a cotton cloth. The first 
trifoliate leaflets were then sprinkled with carborundum and rubbed with a 2-day old suspension 
of Xanthomonas phaseoli cells grown in yeast extract-dextrose medium in shake flasks. The 
lesions appearing on the under surfaces of the leaves 7 days after inoculation were counted and 
the results are recorded in Table 1. The primary leaves of the same plants were harvested at 
the same time (10 days after spraying and 7 days after washing) and one leaf from each of the 
eight plants of each treatment were composited for each sample and the juice was pressed out 
after freezing and assayed for streptomycin content. The bioassays were carried out using 
filter paper discs on agar plates seeded with a streptomycin-dependent strain of Escherichia 
coli and the results are shown in column 3 of Table 1. 

The tremendous advantage of adding glycerin to the streptomycin sprays is apparent in the 
experiment reported in Table 1 where the antibiotic was washed off the surface of the leaves as 
it would be in a rainstorm. Under these conditions streptomycin alone in concentrations as 
high as 200 ppm caused very little reduction in symptom development, whereas a solution con- 
taining 50 ppm streptomycin and 1% glycerin was much better and caused a significant amount of 
protection against the common bean blight organism. One spray of a solution containtng 200 
ppm streptomycin and 1% glycerin gave almost complete protection against the disease. This 
high degree of control was still evident 2 weeks after the spray was applied. At this time, the 
leaves treated with 200 ppm streptomycin and 1% glycerin were still green and healthy, while 
the leaves from the other treatments had mostly turned yellow and fallen off the plants. The 
bioassay results show that the increase in effectiveness caused by glycerin is correlated with 
an increase in absorption of streptomycin by the leaves. No streptomycin was detected in the 
leaves of any of the treatments where streptomycin alone was used in the spray. 

In another experiment in which the leaves were not washed and the leaves were sprayed 


TGontribution from the Research Laboratories, Chemical Division, MERCK & CO., Rahway, New 
Jersey. 

2Further details of experiments describing the increase in absorption of streptomycin by leaves and 
flowers caused by glycerin and its effectiveness against common bean blight are being published 
elsewhere. 
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Table 1. Comparison of streptomycin and streptomycin-glycerin mixtures against the 
common blight disease. 


: No. of common bean blight 


Spray treatments® : lesions on 24 leaflets 7 : ppm streptomycin 
days after inoculation : in primary 
Total : Average : leaf juice 
Control, Untreated 4597 191 <1,5> 
50 ppm Streptomycin 3435 143 <1.5 
50 ppm Streptomycin + 
1% Glycerin 899 37 1.9 
100 ppm Streptomycin 2403 100 1.5 
100 ppm Streptomycin + 
1% Glycerin 439 18 4.9 
200 ppm Streptomycin 2560 107 €1.5 


200 ppm Streptomycin + 
1% Glycerin 203 8 10,1 


4 One spray was applied 3 days before inoculation and the leaves were washed off just 
before inoculation, 

b <1.5 Indicates that no zone was obtained, and the concentration was less than 1.5 ppm 
which was the lowest concentration giving a detectable zone in the standards. 


with higher concentrations of the antibiotic, streptomycin alone was more effective in reducing 
the common bean blight lesions than it was in the experiment reported above where the leaves 
were washed. The antibiotic sprays with and without glycerin were applied once 2 days prior 
to inoculation and again 2 days after inoculation. Thirty trifoliate leaflets on ten plants were 
used for each treatment. The total number of common bean blight lesions appearing on the 
under surface 12 days after inoculation for the different treatments were as follows: control 
(untreated), 7180; 250 ppm streptomycin, 809; 250 ppm streptomycin plus 1% glycerin, 124; 
500 ppm streptomycin, 223; 500 ppm streptomycin plus 1% glycerin, 28. Again the addition of 
glycerin greatly increased the effectiveness of the streptomycin sprays, although streptomycin 
alone was quite effective in this experiment where the antibiotic was left on the leaves without 
washing and two sprays were applied. 

It seems reasonable to assume that the addition of glycerin should also increase the 
effectiveness of streptomycin sprays against certain other plant pathogens which infect leaves, 
flowers, and stems. 


Literature Cited 


1. Marlatt, R. B. 1955. Effectiveness of streptomycin as a control for common 
bacterial blight of Pinto bean. Plant Dis. Reptr. 39: 213-214. 

2. Mitchell, J. W., W. J. Zaumeyer, and W. P. Anderson. 1952. Translocation 
of streptomycin in bean plants and its effect on bacterial blights. Science 115: 
114-115. 

3. Mitchell, J. W., W. J. Zaumeyer, and W. H. Preston. 1954. Absorption and 
translocation of streptomycin by bean plants and its effect on halo and common 
blight organisms. Phytopath. 44: 25-30. 

4. Zaumeyer, W. J., H. R. Thomas, J. W. Mitchell, andH. H. Fisher. 1953. 
Field control of halo blight of beans with streptomycin. Phytopath. 43: 407. 


RESEARCH LABORATORIES, CHEMICAL DIVISION, MERCK & CO., INC., RAHWAY, NEW 
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THE CONTROL OF RED CEDAR-APPLE AND HAWTHORN RUSTS WITH ACTI-DIONE! 


Forrest C. Strong and William Klomparens2 


The prevention of germination of the teliospores and resultant sporidia production of 
Gymnosporangium juniperi-virginianae Schw. and G. globosum Far1l. has been achieved by a 
single application of cyclo-heximide (Acti-dione)3 at 100 ppm concentration to the galls on the 
red cedar (Juniperus virginiana) in the spring. No injury to the red cedar foliage has resulted. 

This concentration of Acti-dione in a water solution was required for adequate control and 
has been used for the past four years on infected red cedars in six locations in the vicinity of 
East Lansing. The greatest amount of infection occurring on nearby flowering apples and 
hawthorns at these locations was one rust lesion per ten leaves. These infections may be attri- 
buted to incomplete coverage or to undetected red cedar trees in the neighborhood since 
sporidia were never produced in germination tests of telia from sprayed galls. 

In view of the cost of this relatively high concentration of Acti-dione, the use of lower con- 
centrations in summer oil was tried after receiving information on the results obtained by 
Dr. Virgil D. Moss of the United States Forest Service, who used Acti-dione in an oil spray on 
white pine blister rust iesions. ; 

The Acti-dione was dissolved in a small amount of acetone and added to the oil which in 
turn was mixed with the water. Concentrations of 50 ppm and 25 ppm of Acti-dione in 0.5% 
Casco summer oil’ were applied to the red cedar galls on April 28, 1955, after the telial horns 
had emerged and before gelatinization had occurred. Following several hours of rain on May 9, 
when unsprayed galls showed gelatinized and elongated telial horns, samples of sprayed and 
unsprayed galls were collected and laid out for sporidia spore prints. No sporidia were pro- 
duced from telia of galls sprayed with either 50 ppm or 25 ppm of Acti-dione in 0.5% oil, but 
abundant sporidia were produced from the unsprayed galls. No injury has been observed on red 
cedar foliage from the use of these mixtures. 

Further tests to determine the minimal dosage of Acti-dione in summer oil that will pre- 
vent sporidia production will be made next spring. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, MICHIGAN STATE COLLEGE AND 
THE UPJOHN COMPANY, KALAMAZOO 


‘Contribution No. 55-6, Department of Botany and Plant Pathology, Michigan State College. 
2Respectively, Assistant Professor of Botany and Plant Pathology, Michigan State College, and 
Plant Pathologist, Department of Microbiology, The Upjohn Company, Kalamazoo, Michigan. 
3Product of The Upjohn Company, Kalamazoo, Michigan. 

4Distributed by Carrier Stephens Company, Lansing, Michigan. 
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TAF, AN IMPROVED FIXATIVE IN NEMATODE TECHNIQUE 


Wilbur D. Courtney, Dororthy Polley, and V. L. Miller 
Summary 


An improved fixing and preserving fluid, triethanolamine formalin, for plant-parasitic and 
soil nematodes is described. This fluid remained unchanged for more than 2 years after be- 
coming stabilized. Bulb or stem nematodes fixed in this solution were perfectly preserved for 
at least two years. TAF will not become dry and crystallized upon evaporation of the water 
from the solution and valuable specimens thereby lost. Nematodes fixed in this fluid may be 
mounted in glycerine as described by Bosher for extended observations. 


INTRODUCTION 


Morphological studies of plant-parasitic and soil-inhabiting nematodes have been hampered 


by the length and tedium of processes used in the preparation of permanent mounts of specimens, 


In addition, the nematodes on the finished slide have frequently had little resemblance to living 
nematodes. By the use of the improved fixative and technique described herein, it is possible 
to rapidly prepare nematodes of near-life resemblance in mounts that will keep for at least 14 
months. 


DEVELOPMENT AND USE OF TAF 


Routine fixing solutions were unsatisfactory in tests extending over many years. Of the 
various reagents tried formalin solutions have consistently given the most promise for fixing 
and hardening plant-parasiiic and soil nematodes. The stronger solution (1 part commercial! 
formaldehyde solution in 8 parts of water) was too harsh in its action to preserve a life-like 
appearance in the fixed nematodes, and the weak solution (1 part formaldehyde in 16 parts of 
water) failed to harden the tissues properly. One part formaldehyde in 13 parts of water proved 
to be the best concentration tried. 

Formalin solutions may contain formic acid, which is detrimental to the naturai appearance 
of the fixation image. Consequently, various methods were employed to obtain formalin 
solutions free of this acid. Weak bases, such as sodium bicarbonate, used to neutralize the 
formalin solutions or to make them slightly alkaline, occasionally produced excellent results, 
but were not dependable for routine use. Many of these materials, used as buffers at isotonic 
strength, formed crystals upon cooling or evaporation, 

During 1951 triethanolamine!, a viscid, hygroscopic organic base, was used as a neutral- 
izing agent in the formalin fixative. In order to determine its toxicity, living bulb or stem 
nematodes were placed in undiluted triethanolamine, where they remained active several hours. 

Several fixative solutions were then prepared with various amounts of this base and their 
action was tested on bulb or stem nematodes collected from infected Wedgewood iris. All of 
these solutions gave good results, but the isotonic solution (2.2 concentration) appeared best. 
While the nematode tissues were well preserved and hardened, they were non-brittle in texture. 
Formaldehyde and pH determinations were made on the solutions over a period of many months. 
The following solution, called TAF (triethanolamine formalin), has given excellent fixation and 
preservation of specimens for more than 2 years: 


40% commercial formaldehyde solution... 7 cc 
Triethanolamine: 2CC 


Data in Table 1 show it is also a very stable solution, maintaining a constant concentration 
through that period. 


TSuggested by E. P. Breakey, Entomologist, Western Washington Experiment Station, 
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Table 1. Chemical stability of TAF. 


Date : pH Value : % Formaldehyde 
December 12, 1951 9.1 2.2 
March 7, 1952 9.0 2.3 
August 19, 1952 8.5 2.6 
August 19, 1954 8.5 2.6 


This fixative is convenient for routine laboratory use because of its simple formulation, 
excellent keeping qualities, and ease of application. Living nematodes may be placed directly 
in the cold fixative, or they may first be relaxed in a small amount of warm water and the con- 
tainer may then be filled with the solution. Ina few cases during the tests the dishes of TAF- 
fixed nematodes were left uncovered; in a few days evaporation had reduced the liquid to little 
more than triethanolamine, but the nematodes appeared normal when fresh fixative solution 
was added. 

For information on the mounting of specimens that have been fixed in TAF we are indebted 
to J. E. Bosher (Plant Pathology Laboratory, Saanichton, British Columbia), who was furnished 
some of the fixative and a sample of bulb or stem nematodes kept in it for 2 years. Unpublished 
notes, recently received from him, state: “Various methods have been followed for the mounting 
of nematodes that have been fixed in TAF for periods of from 24 hours to two years. For the 
preparation of quick mounts (so fixed) the iactophenol process of Franklin and Goodey? followed 
by mounting in pure anhydrous glycerine instead of lactophenol has given good results, par- 
ticularly with various members of the Tylenchinae and Criconematinae. The permanence of 
these mounts has not been established but some have remained in good condition for 14 months, 
Good slides have also been obtained by the modified process suggested by Baker3 in which the 
nematodes are transferred after fixation for at least 24 hours through heated lactophenol and a 
series of solutions containing gradually increasing amounts of glycerine into pure glycerine." 


NEMATOLOGY SECTION, HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL 
RESEARCH SERVICE, © NITED STATES DEPARTMENT OF AGRICULTURE, in cooperation 
with WESTERN WASHINGTON EXPERIMENT STATION, PUYALLUP, WASHINGTON 


<"A cotton-blue-lactophenol technique for mounting plant-parasitic nematodes. Mary T. Franklin 
and J. BasilGoodey. Jour. Helm. XXIII, 3/4:1949." 
3" Rapid method for mounting nematodes in glycerine. A. D. Baker. Can. Entom., LXXXV, 2:1953." 
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PRELIMINARY REPORT OF X-RAY STUDIES 
ON THE GOLDEN NEMATODE | 


G. Fassuliotis and A. H, Sparrow? 


Recent experimental work has shown that ionizing radiations can increase the storage life 
of potatoes without adversely affecting their texture, taste, or appearance (1, 2,3). The advent 
of kilocurie and megacurie radiation sources will make this process commercially feasible 
within the next few years. Asa result of these studies, a program was initiated to study the 
effects of irradiations on the golden nematode of potatoes, Heterodera rostochiensis Wollen- 
weber, 

In October 1954 golden nematode cysts were washed from infested soil (4), then enclosed in 
10 ml. plastic vials, each of which contained approximately 2,000 cysts. They were irradiated 
with a G.E. Maxitron X-ray machine set at 250 KVP and 30 ma. with 1/4 mm copper and 1 mm 
aluminum filtration at a distance of 17.5 cms. The dose rate was 1,000 roentgens per minute, 
The cysts were treated at room temperature with dosages of 2,500,5, 000, 10,000, 20,000, 
40,000, and 80,000 r, Non-irradiated cysts were used as controls, After the treatments, the 
cysts were removed from vials and exposed to potato-root leachings in order to obtain larvae. 
When the larvae had emerged from the cysts, they were transferred to the roots of greenhouse - 
grown tomato and potato plants. This was done by removing the root balls from the pots and 
pouring the larvae from each of the treatments onto the roots. Approximately 60 days after the 
roots were inoculated, the saccate female cysts that had developed were washed free of the 
roots and soil, and examined under the microscope. 

Larvae from cysts treated at 2,500 and 5,000 r seemed to develop normally as compared 
with the unirradiated controls, inasmuch as the cysts into which they developed contained viable 
embryonated eggs. Those cysis which developed from larvae of the 10,000 r treatment contained 
eggs of which approximately one-half were brown in color and obviously dead. After dosages of 
20,000 r and 40,000 r, the cysts which developed appeared normal upon macroscopic examination 
of the root balls. However, microscopic examination showed that cysts of 20,000 r treatment 
contained only brown and dead eggs, and that those of the 40,000 r dose (which appeared normal 
externally) were found to be mere empty shells when cut open, 

These data indicate that the life cycle of the golden nematode is interrupted by X-rays at 
dosages of 20,000 r and above. The lowest dose found to inhibit the development of embryonated 
eggs is the same as the dose found to inhibit completely the sprouting of potatoes (1,3). Although 
the nematode data were obtained from free cysts, the results indicate that irradiation of tubers 
infected with the golden nematode will not only inhibit sprouting, but will probably also interrupt 
the life cycle of the parasite, thus eliminating one of the possible routes of spread of the golden 
nematode. Further tests are now in progress. 


Literature Cited 


1. Sparrow, A. H., and E, Christensen. 1954. megewrnt storage 
quality of potato tubers after exposure to Cof gammas, 
Nucleonics 12 (8): 16-17. 

2. Brownell, L. E., J. V. Nehemias, and J. J. Bulmer. 1954, Designs 
for potato irradiation facilities. Univ. of Michigan, Engineering 
Research Institute Report No. 1943: 7-23-P, 37 pages. 

3. Sawyer, R. L., andS. L. Dallyn. 1955, The effect of gamma ir- 
radiation on storage life of potatoes. Amer, Potato Jour. 32: 
141-143, 

4. Chitwood, B. G. 1951. The golden nematode of potatoes. United 
States Dept. Agr. Circ. No. 875. 48 pp. Washington, D. C. 


UNITED STATES DEPARTMENT OF AGRICULTURE, NEMATODE RESEARCH LABORATORY 
HICKSVILLE, NEW YORK, AND BROOKHAVEN NATIONAL LABORATORY, UPTON, NEW YORK 


1A portionof the research was carried out at Brookhaven National Laboratory under the auspices 
ofthe U. S. Atomic Energy Commission. 

2U.S. Department of Agriculture, Nematode Research Laboratory, Hicksville, New York, and 
Brookhaven National Laboratory, Upton, New York, respectively. 
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KILLING ROOT KNOT NEMATODES IN SOME STONE FRUIT TREE ROOTSTOCKS 


George Nyland 


Summary 


Infected seedlings of Prunus mahaleb and Lovell peach were treated in a hot water bath to 
determine if root knot nematodes in the roots of dormant trees could be killed without injuring 
the trees. Trees were stored in a sawdust box after digging for different periods up to 6 weeks 
prior to treatment. After treatment for various temperatures and times, portions of the roots 
were trimmed and added to sterile soil in pots. To assay nematode survival for the various 
1 y treatments tomatoes were set in the pots and allowed to grow for 3 months at which time they 

were examined for galls. To determine tree survival the treated trees were lined out in the 
: nursery and survival data recorded after one growing season. The following combinations 
were effective in killing all nematodes: 118°F/30 min., 120°F/20 min., 122°F/10 min., 124° 
F/5 min., and 124°F/10 min. Tree survival was essentially 100 percent for all treatments in 
the lots stored for 6 weeks prior to treatment. Survival was poorest in lots stored for 1 week 
and approximately the same for lots treated the same day as dug and those stored for 3 weeks 
“4 prior to treatment. 


Considerable numbers of root knot nematode! infected stone fruit nursery trees became 
available in 1953 and 1954 from a nursery planting on the University Farm at Davis, Cali- 
fornia. Some of the stocks were highly valued because of their freedom from virus diseases. 


dy It was desired to move some of these to other locations in the State, but because of quarantine 
f regulations, this could not be done unless the nematodes in the roots were killed. 
on Since no information relative to killing root knot nematodes in stone fruit stocks could be 


found, it was decided to carry out some hot water treatments of the roots to determine if a 
complete kill could be obtained without killing the trees. 

' An excess of Prunus mahaleb seedlings was available so these were used for a preliminary 
experiment to determine the limits of tree and nematode tolerance to heat. With the in- 


d » formation in mind that root knot nematode eggs are killed at a temperature slightly less than 

h 120° F for 10 minutes2, a series was set up with temperatures varying from 118° to 124° F and 
exposure times from 10 minutes at 124° to as long as 30 minutes at 118°, 120°, and 1220. 

t Twenty-five dormant trees were used for each temperature and time combination. 


To assay nematode survival, roots of treated trees and appropriate checks were pruned 
and the prunings choppe? up into 1/2- to 1-inch sections and mixed with sterilized sandy loam 
soil in 6-inch clay pots which were placed in saucers in the greenhouse. Five pots were pre- 
pared for each lot of 25 trees. Ten days later three Pearson variety tomato plants were set in 
each pot and allowed to grow for 3 months. At the end of this time the tomato roots were 
examined with the aid of a dissecting microscope for the presence of nematode galls. No galls 
were found in any of the treatmenis except the untreated checks which were severely affected. 

The treated trees were close-planted in the nursery immediately after treating to obtain 
tree survival data. Final readings were made near the end of the growing season. Tree sur- 
vival at the different temperatures and times is shown in Table 1. 

Although tree survival was not so high as hoped for, the fact that all nematodes were killed 
in the treatments used was encouraging. 

An experiment was designed to determine if storing the trees in sawdust for various periods 
of time prior to the heat treatment would increase tree survival. 

The nursery from which the Prunus mahaleb seedling trees were obtained for the pre- 
liminary tests was also the source for the trees used in tests reported below. These trees 
were a year older than those used previously, having been in the nursery two years. This is 
the normal time most stone fruit rootstocks remain in the nursery. 


.K 


lMeloidogyne javanica Treub. and M. incognita var. acrita Chitwood have been isolated from the 


nursery in which these trees were grown. Species determinations were made by Dr. B. F. Lownsbery 
and Dr. M. W. Allen. 

2Hoshino, HeleneM., andG. H. Godfrey. 1933. Thermal death point of Heteroderaradicicolain 
relationtotime. Phytopath. 23: 260-270. 
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Table 1. Survival of Prunus mahaleb seedlings after hot water ~ 
treatment at various temperatures and times. ) the 
six 
Temperature °F : Number trees : Percent survival yin 
/time in minutes surviving 
pla 
118/20 16 64 
118/30 18 72 
120/15 13 52 on 
120/20 8 32 
120/30 0 0 
122/15 13 52 oni 
122/20 0 0 
122/30 0 0 
per 
124/10 15 60 — 
t 
Check 25 100 = 
suk 
res 
tre 
exc 
i sur 
of 1 
Table 2. Tree survival for hot water treatments in which all nematodes were killed. a 
‘ 2 Survival of treated trees unt 
Treatments that : Mahaleb seedlings : Lovell seedlings ' bt 
killed all nematodes : (10 trees in each lot) : _(5 trees in each lot) * it 
Temp. °F : Time : Same : Stored : Same : Stored yn 
: minutes : day : 1 wk. : 3 wks. : 6 wks. : day : 1 wk. : 3 wks. : 6 wks. eo 
118 30 9 10 10 10 3 2 2 4 a 
120 15 8 7 9 10 2 3 2 5 rhe 
122 10 10 3 7 10 3 0 4 5 a 
124 5 10 1 5 10 0 0 4 5 DE 
124 10 4 2 9 10 1 0 0 5 


on 


Check 10 10 9 10 
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Seedlings of P. mahaleb and Lovell peach were used in these tests. Ten trees of mahaleb 
and 5 of Lovell seedlings were used for each treatment. The trees were undercut on December 
15, 1953 and moved to sawdust storage boxes the same day. Hot water treatments were made at 
the following intervals; the same day as lifted from the nursery, one week, three weeks, and 
six weeks after digging. Nematode survival assays were run only on the one week and three 
weeks lots. Tree survival was recorded for all four treatments. Nematode assays were con- 
ducted in the same way as described for the preliminary experiment except that the pots of 
soil-root mixture which showed no knots on the tomatoes were replanted with a second set of 
plants. No knots were obtained in any of these second plantings. Besides setting the pots in 
saucers an additional precaution was taken to prevent cross-contamination. This consisted of 
placing strips of building paper between each group of replicates to minimize splashing water 
from one treatment to another. 

The data on nematode survival are somewhat more consistent than those on tree survival. 
All nematodes were killed at the following temperatures and times as determined by the assay 
method used: 118°F/30 min., 120°F/15 min., 122°F/10 min., 124°F/5 min., and 124°0F/10 
min, Tree survival after these treatments is shown in Table 2. 

Except for one lot of peaches in which four out of five trees survived, survival was 100 
percent in the group stored for 6 weeks prior to treatment. Survival of the other lots was more 
erratic. Poorest survival occurred in the lots stored for 1 week and about equal in the lots 
treated the same day as dug and those stored for 3 weeks. 

The general condition of the trees to be treated seems to be an important factor in their 
subsequent survival. In several experiments run concurrently with those described above the 
results showed that trees cut back once or twice during the growing season did not survive the 
treatments as well as those not cut back. Also, trees from a portion of the nursery in which 
excess water had accumulated on several occasions during the growing season showed poorer 
survival. Considerable root injury was noted in these trees prior to the treatments. Survival 
of trees was also reduced if they had not been healed-in properly in the sawdust boxes. If 
trees were handled so as to permit partial root desiccation prior or subsequent to treatment, 
reduced survival resulted. It seemed apparent that any factor which would reduce survival of 
untreated trees would reduce survival of treated trees to an even greater extent. 

In some limited tests with Myrobalan seedlings tree survival was on the order of that 
obtained with Prunus mahaleb. Although some fairly large scale experiments were conducted 
with bitter almond seedlings the results of tree survival were too erratic to warrant any con- 
clusions. With both of these stone fruit species nematode survival data corresponded exactly 
with those obtained from P. mahaleb and Lovell peach seedlings. 

In certain special cases, a Suitable hot water treatment could be of considerable value to 
fruit tree nurserymen. It should not, however, be considered as a substitute for pre-planting 
fumigation treatments where these are recommended. 


DEPARTMENT OF PLANT PATHOLOGY, UNIVERSITY OF CALIFORNIA, DAVIS, CALIFORNIA 
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ADDITIONAL HOSTS OF GLOMERELLA CINGULATA IN THE FAMILIES OF 
GRAMINEAE AND LEGUMINOSAE 


BD. Petersen! 


Etiological studies of peach anthracnose caused by Glomerella cingulata (Ston.) Spauld. & 
Schrenk, indicate that the causal fungus does not overwinter in peach trees in South Carolina. 
It has been demonstrated that it does overwinter on another host, blue lupine, Lupinus 
angustifolius L., and that when blue lupine is grown adjacent to or in a peach orchard a serious 
anthracnose problem may result on peach. However, the disease is sometimes noted on 
peaches where no lupine is grown and a study of the flora in and around peach orchards is in 
progress to determine the sources of these infections. One phase of this study has been the 
determination of the susceptibility of a number of wild and cultivated plant species to infection 
by G. 

Seeds of 39 species of forage plants that may be found in association with peach orchards 
were sown in 8-inch pots of sterilized soil in the greenhouse. When the seedlings were ap- 
proximately 5 weeks old they were placed in a humidity chamber and atomized with a conidial 
suspension of G. cingulata obtained from infected peach fruit. The plants were kept in the 
humidity chamber for 72 hours at a relative humidity of approximately 95% and a temperature 
of approximately 28° C. When macroscopic lesions developed on the leaves, petioles, or 
stems, isolations were made to determine whether G. cingulata was the cause of the symptoms 
noted, 

Under the conditions of the test G. ci: gulata infected the following species not reported in 
the Index of Plant Diseases in the United S States as hosts of this fungus: 


Gramineae 
Cynodon dactylon (L.) Pers. Bermuda grass 
Eragrostis curvula (Schrad.) Nees Weeping lovegrass 
Leguminosae 
Alysicarpus vaginalis (L.) DC. Alyce clover 
Crotalaria intermedia Kotschy Slenderieaf crotalaria 
C. spectabilis Roth Showy crotalaria 
Indigofera hirsuta L, Hairy indigo 
Lathyrus hirsutus L. Roughpea, or singletary pea 
L. tingitanus L. Tangier pea 
Medicago arabica (L.) All. Southern spotted bur clover 
M. hispida Gaertn. California bur clover 
M. orbicularis(L.) All. Button clover 
Melilotus officinalis (L.) Lam. Madrid sweetclover 
Pisum sativum L. Austrian winter pea 
Trifolium subterraneum L. Mt. Baker subclover 
Vicia augustifolia L. Narrowleaf vetch 
V. grandiflora Scop. Vetch 
Vicia villosa Roth Hairy vetch 


The following listed in the Index as hosts were infected by G. cingulata in this test. 


Glycine max (L.) Merr. Soybean 
Vigna sinensis (Torner) Savi Cowpea 


TAssociate Pathologist, Fruit & Nut Crops Section, Horticultural Crops Research Branch, Agri- 
—- Research Service, cooperating with the South Carolina Agricultural Experiment Station. 

2samples of most seeds for this study were furnished by Dr. P. R. Henson, FieldCrops Research 
Branch, Agricultural Research Service. 
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Gramineae 


Agrostis alba L. 


Bromus catharticus Vahl 
Dactylis glomerata L. 

Festuca arundinacea Schreb. 

F. ovina L. 

Lolium perenne L. 

L. multiflorum Lam, 
Pennisetum spicatum (L.) Willd. 
Sorghum sudanense (Piper) Staph 


Leguminosae 


Coronilla varia L. 
Crotalaria incana L. 
C. juncea L. 

- lanceolata E. Mey. 
mucr onata Desv. 


c 


L. cuneata (Dumont) G. Don 


L. striata var. Kobe (Thunb.) H. & A. 


Trifolium hirtum Ali. 
T. repens L, 
qT. striatum L. 


Lespedeza hedysarioides (Pall.) Ricker 


Under the conditions of the experiment, G. cingulata did not infect the following species: 


Redtop 

Rescue grass 
Orchard grass 
Tall fescue 
Sheep's fescue 
Perennial ryegrass 
Italian ryegrass 
Common millet 
Sweet sudan 


Crow vetch 

Shak crotalaria 
Sunn crotalaria 
Lance crotalaria 
Striped crotalaria 
Rush lespedeza 
Sericea lespedeza 


Rose clover 
Ladino clover 
Pitt's clover 


HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, 
CLEMSON, SOUTH CAROLINA 
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SOYBEAN DISEASES IN THE DELTA AREA OF 


MISSISSIPPI IN 1954 bu 
BR. A. Kilpatrick! (Sc 
of 
A survey of 148 soybean fields in the Delta area of Mississippi was made August 10, 11, in 
and 12, 1954, Soybeans throughout the Delta were suffering from drought and many fields had 
already been plowed under or were being cut for feed, Some of the fields being retained for seed | 19 


had large areas in which the plants had died from drought or had been defoliated prematurely. 
A few of the dead areas were examined but disease notes were taken mostly in fields in which 
the plants were green, The predominant variety in the area is Ogden which normally matures 
in early October. 


The prevalence of the diseases found is illustrated graphically in Figure 1. In general, FI 
fungus diseases were more prevalent than bacterial diseases. Leaf spots caused by Alternaria DE 
spp. and Phyllosticta spp. were more prevalent than in previous years, Charcoal root rot OF 


(Macrophomina phaseoli) also was in this category. This was caused, in part, by the extremely 
hot, dry conditions prevailing throughout the growing season. "Bronze leaf spot", caused by 
Cercospora kikuchii, was most prevalent on later maturing varieties and strains. In some 
fields, premature defoliation resulted from this disease. Downy mildew (Peronospora manshur- 
ica) was found occasionally, although not so abundantly as in previous seasons, 


F 


PERCENTAGE OF FIELDS INFECTED 
CERCOSPORA KIKUCHII LEAF SPOT 


PHYLLOSTICTA LEAF SPOT 
ALTERNARIA LEAF SPOT 


BACTERIAL PUSTULE 


DOWNY MILDEW 


CHARCOAL ROT 
SOUTHERN BLIGHT 


POD AND STEM BLIGHT 


DISEASES PREVALENT 


FIGURE 1. Relative prevalence of 
soybean diseases in the Delta area of 
Mississippi in 1954, 


1 Plant Pathologist, Field Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture. 
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Bacterial pustule (Xanthomonas phaseoli) was present in many fields early in the season, 
but dry weather inhibited secondary spread and heavily infected leaves dropped prematurely. 
Traces of bacterial blight (Pseudomonas glycinea) were found in some fields. Southern blight 
(Sclerotium rolfsii), viruses, and pod and stem blight (Diaporthe phaseolorum var. sojae) were 
of minor consequence. The latter disease has never been observed on actively growing plants 
in Mississippi. 

Observations on harvested seed showed only a small amount of purple stain in the fall of 
1954, although the leaf bronzing stage of the disease had been prevalent earlier, 


FIELD CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE, WORKING IN COOPERATION WITH THE DELTA BRANCH 
OF THE MISSISSIPPI AGRICULTURAL EXPERIMENT STATION, STONEVILLE, MISSISSIPPI 
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SEED TREATMENT OF COWPEAS! 


W. W. Hare 


There is perhaps as little information available on seed treatment for cowpea ( Vigna 
sinensis (L.) Endl.) as for any other crop. Vlitos and Preston? obtained good results in the 
greenhouse using the variety Chinese Red. No reports of positive field trials have been seen. 
Experiments were started in 1951 to determine if seed should be treated and what were the best 
materials. 

The test was set up in the field, using seven standard seed treatment chemicals, including 
both organics and heavy metals. Rates of application in all cases were those recommended for: 
other large-seeded legumes or other seed of similar size. Treatments were replicated eight 
times with 100 seed per treatment. The Brown Sugar Crowder variety was used. Counts were 
made after the plants were well established and no further damping-off was expected. The 
planting date and cultural methods were kept as close as possible to the usual for the crop in 
this area. 

The planting date in 1951 was May 14. There were no significant differences in emergence 
(Table 1). Since these data were contrary to the previous report and since weather conditions 
exert considerable influence on the results of seed treatment, the experiments were repeated 
in the next 2 years. The planting date was May 14 in 1952, and May 28 in 1953 when heavy rains 
delayed all farming operations. An eighth chemical was added in 1953. There were no differ- 
ences in 1952 and the differences were significant only at the 5 percent level in 1953 (Table 1). 
Conditions for obtaining a stand were adverse in 2 of the 3 years, as reflected by the stand 
percentages. However, in these adverse years there were no significant benefits from treat- 
ment. The only significant increases due to treatment were in the more favorable year of 1953 
when over-all average stands were more than 50 percent better. This difference in only one 
year of 3 is not enough to recommend seed treatment for this crop, at least in this area. 

It is a well known fact that in some crops certain varieties respond to seed treatment more 
than others. To eliminate the possibility of basing a no-treatment recommendation on an ex- 


Table 1. Results of seed treatment of Brown Sugar Crowder 
cowpea; 100 seed per treatment; eight replications; 
planted in the field under usual conditions. 


Treatment : Average stand - percent 

1951 1952 1953 
1. Arasan 39.1 56.4 80.6 
2. Spergon 42.9 48.8 76.9 
3. Phygon 38.8 54.3 76.6 
4. Ceresan M 44.0 $7.0 79.6 
5. Mathieson 275 (PCNB) 42.0 ot. 1 75.3 
6. Agrox 38.6 $1.0 82.1 
7. Dow 9B 37.4 58.3 77.5 
8. Orthocide 50 -- -- 74.5 
9. Check - no treatment ae. 1 46.8 67.0 
L.8.D. 5% NS NS 6.9 


4Journal Article No. 503, Mississippi Agricultural Experiment Station. 
2Vlitos, A. J., andD. A. Preston. 1949. Seedtreatment of fieldlegumes. Phytopath. 39: 706-714. 
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Table 2. Results of seed treatment of three varieties of cowpea; 100 
seed per treatment; five replications; planted in the field in 
1954 under usual conditions. 


Treatment : Average stand - percent 
Extra Early : Dixilee : Brown Sugar 
Blackeye : ; Crowder 
1. Arasan 11.8 80.4 81.2 
2. Tersan 73.0 87.0 84.8 
3. Spergon 81.0 88.6 88.4 
4, Phygon 71.0 83.6 83.0 
5. Ceresan M 76.6 89.2 87.4 
6. Check - no treatment 63.2 85.0 75.2 
NS NS NS 


ceptional variety three varieties, Extra Early Blackeye, Dixilee, and Brown Sugar Crowder, 
were used in 1954. They represented a range of varieties used in this State and also a good 
range of varietal types. Five chemicals and five replications were used; otherwise conditions 
were the same as in previous years. Planting was on May 11. The season was favorable for 
obtaining a stand, as in 1953 when the only significant benefit from treatment was obtained. 
Although there were average improvements in stand with the chemicals none were significant 
(Table 2). The results show that all of the varieties reacted similarly. 

At first glance it is surprising that a large-seeded legume failed to respond to seed treat- 
ment. Such crops generally show more consistent benefits than other types”. However, ob- 
servations made during the course of these tests may help account for the difference. Peas, 
snap beans, and lima beans are generally planted as early as possible in a given locality, which 
frequently means comparatively low temperatures during emergence and establishment. Cow- 
peas are not so severely affected by later heat and drought as the other large-seeded legumes. 
Yields are best when planted "mid-season", in this area from the first through the third week 
in May. Soil temperatures are favorable at that time for rapid germination and emergence. 
Under similar conditions the other legumes do no respond so markedly to treatment. It has 
been noted that the environal factors associated with over-all reductions in stand of cowpeas are 
packing rains or prolongeddry periods after planting, Apparently under neither of these conditions 
were stands significantly increased by treatment with chemicals. 


MISSISSIPPI STATE COLLEGE, STATE COLLEGE, MISSISSIPPI 


Seed Treatment Committee of the American Phytopathological Society. 1944. Studies on vegetable 
seed treatments in 1943, PlantDis. Reptr. Suppl. 161. 
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CONTROL OF OMPHALIA LEAF SPOT OF COFFEE IN COSTA RICA WITH ) 
PURATIZED AGRICULTURAL SPRAY 


Humberto Barquero Mora 


Omphalia leaf spot of coffee is caused by the basidiomycetous fungus Omphalia flavida am 
Maubl. & Rangel. In the Latin American countries this disease is often called "Ojo de Gallo" Sau 
(rooster eye), "Viruela', "Gotera", and "American Leaf Spot."' The causal fungus infects the } whi 
leaves, young stems and fruit, causing defoliation and berry drop. arr 

The imperfect stage of the fungus (described as Stilbum flavidum in 1880 by Cooke) is pri- bol 
marily responsible for disease spread. Under humid conditions infection bodies called ass 


"cabecitas" or heads are borne on stalks arising from the lesions which may occur on leaves 
and other susceptible plant parts. During rains these heads are detached from the stalks and 
conveyed by splashing water to other coffee tissue where new infections may occur. 

The perfect stage of Omphalia flavida is not important in the spread of the disease, but the > 


fruiting bodies of this stage as well as the mycelium of the fungus exhibit phosphorescence in Bol 
the dark. Some authors suggest using this phosphorescence as a criterion for determining the wat 
effectiveness of fungicides tested for controlling the disease. The 

Various measures, including fungicidal applications, were attempted to control Omphalia ben 
leaf spot on coffee at Finca ''Los Ensayos" owned by Experimental Plantations Inc., a subsidi- sp. 
ary of Merck & Co., Inc. The finca (plantation) is located near Buena Vista in the province of age 


Alajuela, Costa Rica. The coffee plantings here are located at elevations of approximately k 
4000 feet. Without adequate control measures the disease becomes very serious as local 
climatological conditions are highly favorable for its spread. The average annual rainfall 

during an 1l-year period was 123 inches with an average of 278 rain days per year. In 1954 


there were 315 rain days with a total rainfall of 134 inches. The coffee at this plantation is Ter 

grown without any shade at rather close spacing, mostly 8 feet by 9 feet. Fo! 

In both laboratory and field tests it was found that phenylmercury triethanol ammonium nee 

lactate (Puratized Agricultural Spray kindly supplied by Gallowhur Chemical Corporation, » The 

Ossining, New York), applied as a spray at the rate of 3 pints per 100 gallons of water, gave the 

very promising results in the control of this disease. Among other observations in the field 

trials, perhaps one of the most interesting indications of the effectiveness of this fungicide was een 

the loss of phosphorescence from the leaf spot lesions of sprayed plants approximately 48 hours the 

after application. The same observations were made in laboratory experiments. Sprayed foul 
leaves kept in a moist chamber for several weeks did not produce the perfect stage of the fungus; 

whereas typical "umbrellas" of the perfect stage were produced in 2 to 3 weeks from unsprayed the 

leaves. sug 

The absence of the phosphorescence from infected plants following spraying indicates that } inft 

the Puratized Agricultural Spray is taken up by the leaves and that thefungal mycelium is killed. Son 
The infection bodies of the imperfect stage of the fungus are not killed by the fungicide. This is 

probably due to the protective mucilaginous covering of these bodies. Attempts are under way ©se 

to find some material which might prove effective against these infection bodies. the 
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THE PINK BOLLWORM AS A FACTOR IN COTTON BOLL ROTS 


James R. Brazzel! 


During 1954 several thousand green cotton bolls were collected from the field and ex- 
amined to determine the level of infestation with the pink bollworm, Pectinophora gossypiella 
Saunders. It was noted that very few of these bolls had been invaded by boll-rotting fungi, 
which are usually present when bolls have been attacked by the common bollworm, Heliothis 
armigera (Hon.). This seemed rather unusual, since there were from 10 to 20 or more pink 
bollworm entrance holes per boll. Tests were conducted during the fall and winter of 1954 to 
assess the pink bollworm as a factor in cotton boll rots. 


Methods 


Greenhouse-grown cotton plants of the variety Deltapine 15 were used in the studies. 
Bolls about 3 weeks old were cut from the plants and placed with peduncles in small bottles of 
water for the duration of the test, except one case in which the bolls were left on the plant. 
The bottles containing treated bolls were placed in a shallow pan of water on a greenhouse 
bench to insure high relative humidity. Two boll-rotting fungi were used in the tests, Rhizopus 
sp. and Penicillium sp., isolated from locally collected bolls and cultured on potato-dextrose 
agar. 


Experiments 


Cotton bolls were dipped into a water suspension of the fungus spores and allowed to dry. 
Ten viable pink bollworm eggs expected to hatch within 24 hours were transferred to each boll. 
For the control 10 punctures were made through the carpel walls of each boll with a dissecting 
needle, and the boll was dipped into the spore suspension after all other bolls had been treated. 
The bolls were examined 7 days after treatment. The results of three separate tests made with 
the two fungi are given in Table 1. 

One other test was conducted as described above except that no control was set up. Eight- 
een bolls were treated with Penicillium spores and 79 entrance holes were counted but none of 
the bolls were rotted. Twelve bolls were treated with Rhizopus spores, 55 entrance holes were 
found and 4 bolls were rotted. 

Pink bollworm larvae migrate freely over the boll before entering, It is assumed that in 
the tests all larvae made abundant contact with conidia of the respective fungi. The results 
suggest, however, that transfer of conidia by larvae through the carpel walls may have been 
infrequent, since relatively few bolls were rotted compared with the number of entrance holes. 
Some of the bolls had only one or two locules decayed. 

Further tests were conducted in which the bolls were first infested with 10 pink bollworm 
eggs each. Within 24 hours after the larvae entered, the bolls were inoculated with spores of 
the fungi. In the first and second of these tests an entrance hole was selected in each locule and 
a mass of spores and mycelium of the pathogen was rubbed into it. Fifteen bolls with 54 en- 
trance holes were treated with Penicillium and only 1 boll rotted. Sixteen bolls with 56 entrance 
holes were treated with Rhizopus and 2 bolls rotted. A third test was conducted in the same manner 
except that the bolls were dipped into a water suspension of spores after the larvae had entered. 
A check of 5 bolls for each fungus was prepared as described for the first series of tests and 
all bolls rotted. Ten bolls inoculated with Penicillium spores had 72 entrance holes and 2 bolls 
rotted. Twelve bolls dipped in Rhizopus spores had 87 entrance holes and 4 rotted. These 
results indicate that the wound caused by the entrance of the pink bollworm larvae is not nearly 
so conducive to invasion by these boll rot fungi as a puncture in the carpel wall made by a 
needle. 

One other test was conducted in an attempt to test the possibility of fungus-inhibiting se- 
cretions by the pink bollworm larvae. Sixteen petri dishes were filled to a depth of about 1/8 
inch with potato-dextrose agar. Pink bollworm larvae of the third or fourth instar were steri- 
lized by immersing them in 25% Clorox for 3 or 4 minutes. One larva was transferred to the 
center of each dish, broken open and the body contents spread over an area about 35 mm in 
diameter. Each dish was inoculated at one point on the edge with spores of the fungi. Eight 


1Research Assistant, Department of Entomology, Texas Agricultural Experiment Station. 
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Table 1. Results of boll-rotting tests with bolls dipped in spore suspensions and infested with 
pink bollworms. 


Penicillium : Rhizopus 

Test : No. : Entrance : Rotted : No. : Rotted : No, : Entrance : Rotted : No. : Rotted ? 
No. : bolls : holes: bolls : bolls: bolls : bolls : holes: bolls : bolls : bolls 

1 18 83 2 6 6 18 76 4 6 6 

2* 23 97 1 10 10 25 117 7 6 6 

3 18 96 1 6 6 19 114 2 6 6 
Total 59 276 4 22 22 62 307 13 18 18 . 


*Bolls treated and held on plants until examination, 


dishes were inoculated with Penicillium and 8 with Rhizopus. The fungi grew across the 
treated area of the media in all dishes. 


Discussion and Summary 


These results are in accord with Ray's” in that the Rhizopus spp. are more virulent than 
the Penicillium spp. as boll-rotting fungi. Further, under the conditions of these tests the 
pink bollworm is not a serious factor in boll rots. The most likely reason for this seems to be 
in the type of entrance hole of pink bollworm larvae. The larvae apparently have no preferred 
point of entry on the cotton boll, except that they seem to avoid the oil glands in the carpel. 
However, this usually only amounts to diverting the tunnel around the gland. The entrance hole 
is very small, about 1/2 mm. in diameter. The larvae feed on the carpel as they enter, 
leaving a trail of frass behind which tends to plug the hole. In many cases, especially if the 
boll is nearing maturity, the larvae tunnel aimlessly along the carpel lining until they reach a 
suture before actually entering the ovary. Often these tunnels are an inch or more in length 
and are used as a criteron of pink bollworm infestation in the field as they are easily seen on 
the inside of the carpel. Some larvae are able to penetrate the carpel lining, however. These | 
holes should be comparable with the holes made by the dissecting needle except that with the 
needle many cells were crushed which might be better for entrance of the fungi. 

The possibility of inhibiting substances cannot be eliminated on the basis of this one test. 
Third and fourth instar larvae were used instead of the first instar larvae that actually enter 
the boll. Fungi do invade bolls through the emergence holes of the fourth instar larvae when 
they leave the boli to pupate. However, this emergence hole is approximately 3 mm. in 
diameter. ' 

The pink bollworm is well known for its remarkably clean feeding inside the boll as com- 
pared with other larvae that attack cotton bolls. Usually there is no evidence of the presence 
of the larvae in an open boll until the seeds are cut open. Although the larvae hatched ex- 
ternally, moved about freely over cotton bolis heavily inoculated with spores, and then entered 
the bolls, their entrance was not followed by proportionally large numbers of decayed bolls. 


DEPARTMENT OF PLANT PHYSIOLOGY AND PATHOLOGY AND DEPARTMENT OF 
ENTOMOLOGY, TEXAS A. & M. COLLEGE SYSTEM, COLLEGE STATION, TEXAS 


2Ray, W. W. 1946, Cotton boll rots inOklahoma, Okla, Agri. Exp. Station Bull. B. 300. 
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SCLEROTINIA SCLEROTIORUM ON CASTORBEAN IN FLORIDA 


A. A, Cook 


Sclerotinia sclerotiorum (Lib.) Massee has been reported capable of attacking numerous 
hosts (4). The following account is a report of the natural occurrence of this fungus on castor- 
bean and the results of preliminary greenhouse and laboratory experiments. 


Natural Occurrence: A few plants infected with S. sclerotiorum were found in a nursery at 
Goulds, Florida following a cool period during the winter of 1954-1955. The plants were notice- 
ably stunted and the lower stems blackened. Some mycelium and a few sclerotia were visible 
on the outside of the stem near the soil level (Fig. 1). Upon splitting the stem, many more 
sclerotia were found in the hollow internodes (Fig. 2). 


3 


FIGURE 1, Lower portion of castorbean stem infected 
with Sclerotinia sclerotiorum showing (A) external mycelium; 
(B) external sclerotium, x about 2/3. 

FIGURE 2. Sclerotia of S. sclerotiorum in hollow inter- 
nodes of castorbean stem, x about 2/3. 

FIGURE 3, Typical apothecia of S. sclerotiorum produced 
in culture following germination at 16° C and maturation at 20° 
(with and without light, respectively), x about 11/4. 


Identification: Free-hand sections of sclerotia collected from the above plants revealed 
small interhyphal spaces within the compacted mycelium characteristic of the genus Sclerotinia 
(3). 

To induce apothecial production, sclerotia from infected plants, as well as from laboratory 
cultures, were planted on 1% water-agar slants (1), These cultures were held at constant tem- 
peratures of 16° (without light) and 20° C (with fluorescent light). Stipe formation was decidedly 
more rapid at 16° (16 to 27 days) and typical apothecia were formed when sclerotia were allowed 
to initiate stipes at 16° before being transferred to 20° (Fig. 3). Measurements of mature 
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ascospores and asci from such apothecia were in accord with those of Ramsey (2) for S. sclero- 


tiorum, 


Artificial Inoculations: Ascospores ejected naturally from mature apothecia were allowed 
to fall on moist true leaves of young castorbean plants, Also, a suspension of ascospores in 
water, with a small amount of detergent added, was atomized onto injured and uninjured leaves 
and stems of young castorbeans,. Infection was not apparent with either of the above procedures, 
A slight infection and necrosis resulted from inserting a small piece of mycelium from an agar 
culture into young stems. A more complete investigation of the pathogenicity of this fungus on 
castorbean will be conducted when maximum daily temperatures are lower, 


Literature Cited 


1. Henson, Lawrence. 1935. Apothecium production in Sclerotinia trifoliorum 
and S. sclerotiorum. (Abs.) Phytopath, 25: 19-20. 

2. Ransey, G, B. 1925. Sclerotinia species causing decay of vegetables under 
transit and market conditions. Jour Agr. Res, 31: 597-632. 
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Sclerotiniaceae, a family of stromatic inoperculate discomycetes. 
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4, Young, Paul A. 1936, Sclerotinia rot of squash and pumpkin, Phytopath,. 
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SURFACE PITTING OF POTATO TUBERS IN 
THE PACIFIC NORTHWEST! 


N. W. Wright2 


A surface pitting of potato tubers developed in storage on several farms in coastal British 
Columbia during the winter of 1954-55, and an identical condition was found in two shipments 
imported in January 1955 from the State of Washington. The varieties involved were Netted 
Gem, White Rose, and Green Mountain. Small necrotic spots, rarely more than 1/4 inch in 
diameter, were distributed more or less evenly over the surface of the tubers (Fig. 1). The 
lesions were dark in color and superficial; subsurface injury was limited to a thin brown layer 
of dead cells. Pitted tubers were found only in stocks held in poorly ventilated storage houses 
where a considerable amount of bacterial soft rot and various fungus rots were present, Black 
heart also occurred in tubers situated in the center of large bins. 


FIGURE 1. ANetted Gempotato tuber affected 
with surface pitting. 


Superficial lesions similar to those described herein have been reported previously. 
Pethybridge (4) described a disease called pit rot which occurs in Great Britain under adverse 
storage conditions. He was unable to isolate a parasitic organism from the surface lesions and 
postulated that some deleterious gas or liquid from decaying tubers might be the cause of the in- 
jury. He ruled out lack of efficient aeration as the primary cause by showing experimentally 
that lesions failed to develop when tubers were stored in vacuo or in carbon dioxide. However, 
Kotila (3) attributed an apparently identical disease called button rot in Michigan to a lack of 
oxygen during the storage period. In addition to these two records of nonparasitic diseases, 
there are reports from Washington (1) and from Maine (2) of superficial injuries caused by 
Erwinia carotovora. In these cases the superficial lesions were considered to be the early 
symptoms of bacterial soft rot. 

An effort was made to determine whether the surface pitting which was found in the Pacific 
Northwest was infectious. Ten pitted tubers were washed and placed in glass chambers in 
which high humidity was maintained, while a similar group was left exposed in the dry air of 
the laboratory. Both groups were held at room temperature of approximately 70° F. After 4 
days the tubers were examined. In no case was there enlargement of the pitted area, Bacte- 
rial soft rot had developed in three of the tubers in the humidity chambers and in one of the 


1 Contribution No. 1458 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2 Plant Pathologist, Plant Pathology Laboratory, Vancouver, British Columbia. 
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tubers left on the laboratory bench, but the discrete necrotic lesions or pits remained visible 
even on the surface of rotted tubers. It was evident that the soft rot was not the result of en- 
largement and coalescence of adjacent pitted areas. As a further check on whether or not the : 
superficial lesions contained parasitic organisms, whole and freshly injured potatoes and car- 
rots were inoculated with a water suspension of macerated necrotic pit tissue. The inoculated 
material was placed in a moist chamber for one week and then examined. No lesions or rot 


developed. and 
The above experiments indicate that the surface pitting was not due to the direct action of g on tl 
parasitic organisms. Possibly, as in the case of pit rot (4) and button rot (3), the surface le- j shor 
sions were caused by the adverse storage conditions to which all affected tubers had been sub- ' in th 
jected, The disease did not constitute a serious grade defect but there is very little doubt that 
in some circumstances the lesions became infection courts for rot-producing organisms. In fron 
fact it was found in commercial practice that pitted tubers almost invariably rotted if they were the ‘ 
washed and held for a day or longer in sacks in common storage or in heated stores. Pitted spic 
tubers rarely rotted, however, if they were marketed without being washed or if washed samples , The 
were thoroughly dried and held in the dry atmosphere of a heated room. sani 
gree 
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VERTICILLIUM WILT ON TWO VEGETABLE HOSTS 
IN SOUTHERN NEW MEXICO 


Eugene E,. Staffeldt and Philip J. Leyendecker, Jr. 


During 1954 the authors had an excellent opportunity to observe Verticillium wilt of okra 
and eggplant under field conditions in Southern New Mexico. The appearance of the wilt disease 
on these two hosts was not surprising since Verticillium is responsible for extensive losses on 
short staple cotton each year in Southern New Mexico. In some years loss estimates have been 
in the neighborhood of 2 to 3 million dollars. 

The occurrence of Verticillium wilt on eggplant is not unusual, since it has been reported 
from almost every State where the crop is grown. Losses from the disease vary widely. On 
the other hand, reports of wilt causing severe losses in commercial plantings of okra are con- 
spicuously uncommon in view of the fact that okra is considered to be a very susceptible host. 
The only field reports found are from South Carolina! 2 and involve an occasional infected plant 
in commercial fields. Other reports mostly concern the disease in potting experiments under 
greenhouse conditions, 

The commercial planting of okra (variety Clemson Spineless) in which Verticillium wilt was 
studied in New Mexico was a 4- acre field, By the end of the season from 90 to 95 percent of the 
plants were diseased. The progress of wilt was followed closely throughout the season, to re- 
cord the disease symptoms under field conditions. 

The infected okra plants showed the normal light brown discoloration of the vascular system. 
Isolations were made and the fungus proved to be Verticilllum albo-atrum Reinke & Berth, 
Early season infection resulted in severe stunting and defoliation (Fig. 1). These plants did not 


FIGURE 1. Verticillium wilt of Okra, From left to right, 
showing early, mid-, and late season wilt symptoms. Plant on 
right is healthy. Note varying degrees of stunting and defoliation. 
Two weeks after these pictures were taken new leafy shoots ap- 
peared just above the ground level. 


die but put out new leafy shoots near the surface of the soil. The leaves first began to turna 
light yellow in between the major veins, forming characteristic wedge-shaped sectors in the 
leaf lobes. As these areas enlarged the leaf margins began to dry and crinkle inward, Drying 


1Armstrong, M. G. Verticillium wilt inokra inSouthCarolina. PlantDis. Reptr. 29: 654. 1945. 


2Carpenter, C. W. Wilt diseases of okra and the Verticillium wiltproblem, Jour. Agr. Res. 12: 
529-546, 1918. 
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continued and when the leaf was almost desiccated it dropped from the plant. In severe cases 

of infection, defoliation was rapid and complete except for a few young leaves at the tips of the 
branches, Early, mid-, and late season symptoms are shown in Figure 1, beginning with the 

plant on the left. A healthy plant is shown on the right. The outstanding symptom of early and 
mid-season infection was a severe stunting of the host. 

Yield was very severely affected by the wilt disease. It was estimated that 75 percent of 
the crop was lost in the 4-acre field. Harvesting was terminated very early. To the grower's 
knowledge, this appearance of Verticillium wilt was the first outbreak of the disease in the field, | 
Previous crops had been asparagus, eggplant, okra, and alfalfa. For the last 4 years the field 


has been treated with Dowfume for root-knot nematode control. A casual inspection of the okra ] 


roots did not reveal the presence of nematode galls. 

Most of the plants that remained healthy were large, fast growing, and entire-leaved. They — 
were late and did not set as heavy a fruit load as did the normal cut- or lobed-leaved plants, 
Based on these observations, it appears that a selection program would result in strains more 
tolerant to Verticillium wilt. 

A 31/2-acre eggplant (Black Beauty) field on the same farm was also found to be severely 
infected with Verticllium wilt. The disease appeared very early in the season and continued to 
increase in incidence until frost, when 95 to 98 percentof the plants were infected. Stunting, 
leaf mottling, and defoliation were the common symptoms. Leaf drying and margin crinkling 
were not so pronounced as with okra. Defoliation was also retarded. Stunting was the most 
pronounced symptom and was accompanied by poor fruit set. It appeared that infection had oc- 
curred in the coldframe before the plants were transplanted, because stunting and leaf mottling 
were very pronounced just a few weeks after the plants were set in the field. The grower con- 
sidered the crop a complete loss. Very few fruit of marketable size were produced. Those 
which were harvested were small and poorly colored, This field was also treated with Dowfume © 
before planting. 


DEPARTMENT OF BIOLOGY AND AGRICULTURAL SERVICES, NEW MEXICO COLLEGE OF 
AGRICULTURE AND MECHANIC ARTS, STATE COLLEGE 
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ro THE MICROFLORA OF STORED AND FIELD-COLLECTED OATS 
4 Stanley A, Ostazeski and Wayne M, Bever! 
SUMMARY 

of 

= d Oat spikelets from plants representing five stages of development (pre-emergence of the 
ce : panicle to maturity) were examined for the presence of mycelia in or on the pericarp and glumes, 
on Mycelia were not found in the pericarp until after the plants neared maturity. Glume infections 


were found consistently after the emergence of the panicle from the flag leaf. The amount of 
They i rainfall during the growing season, plus varietal differences, may determine the numbers of 

; viable fungi, although mycelia were almost universally present in the varieties tested. Alter- 

naria was the most common fungus isolated. In preliminary storage experiments, Aspergillus 


— was the only fungus that made visible growth. The minimum moisture requirement for visible 
ely growth was above 13 percent. The best growth was at temperatures of 30° and 35° C, 
d to 
9 Fungal mycelia are frequently present in wheat, corn, and some other stored seeds. The 
ne effect they have upon the stored product has not been clearly defined, though evidence indicates 
. this association may initiate heating and spoilage in stored grains. 
= Preliminary studies indicated that oats might also be expected to contain numerous fungal 
Hing mycelia, The results of these studies showed the presence of mycelia in most pericarps and in 
all lemmas and paleas,. 
° The purpose of this investigation was to determine: a) at which period of host development 
fume the fungi first appeared, b) the type of fungus predominating, and c) the effect of the fungi on 
oats stored under varying conditions of moisture and temperature, 
Hyde (2) examined and scored samples of kernels for their mycelial content from the major 
wheat producing areas of the world, She presented evidence that atmospheric humidity 2 to 3 
OF weeks before harvest determined the amount of mycelia. Apparently types and varieties of 


wheat had little effect on the amount present. 

Hyde and Galleymore (3) found that the mycelia did not appear in the pericarp of wheat until 
the glumes began to turn yellow. They suggested that mycelia originate from wind-blown inocula 
or from systemic infections. Alternaria tenius was the most frequent organism found, 

Tuite and Christensen (5) commonly found Alternaria, Cladosporium, and Fusarium in de- 
veloping barley seed. The numbers of Aspergillii and Penicillia isolated prior to harvest were 
of no significance. However, they found species of Aspergillus primarily in storage diseases, 

Christensen (1) showed that most mycelia in the pericarp of wheat were dead, Alternaria 
was most commonly isolated from high grade samples as contrasted to Aspergillus and Penicil- 
lium in low grade samples. He found that external inoculum in the form of spores was more 
abundant than viable internal mycelium, but assumed both types to be involved in storage dis- 
eases. 

The growth limits of ear rot fungi in shelled corn as influenced by moisture content of the 
seed have been determined by Koehler (4). He used naturally infected corn and also studied the 
organisms in pure culture on surface sterilized kernels. 


MATERIALS AND METHODS 


t The investigation was divided into two main phases: a study of the degree of fungus infection 
; at various stages of development of the oat plant, and a preliminary study of the effect of storage 
on Illinois produced oats, The former consisted of collecting and examining oat plants from the 
Agronomy South Farm, Urbana, Illinois. The samples were composed of mixed varieties. For 
simplicity the stages of development at which the plants were examined were divided into five 
groups: I, Plants collected prior to emergence of the panicle from the flag leaf. II. Spikelets 
from partially emerged panicles, Ll. Spikelets from fully extended panicles with a full green 
color, IV. Spikelets from panicles that were turning yellow. V. Seed from panicles that were 
fully mature. 


1 Assistant in Agronomy (Crop Pathology) and Agent (Pathologist), Field Crops Research Branch, 
Agricultural Research Service, United States Department of Agriculture, and Professor of Plant 
Pathology, Department of Agronomy, University of Illinois. 
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The specimens from all groups were cleared and stained soon after collection by heating 
for 15 to 20 minutes in an Arnold steamer in a nearly saturated aqueous solution of chloral hy- 
drate containing 0.01% acid fuchsin. From this the material was placed in lactophenol until 
examined. 

Panicles less than 30 mm in length were smeared in lactophenol and examined for the 
presence of fungi. Panicles longer than 30 mm were treated similarly except that six spike- 
lets per panicle were smeared individually. 

Representative samples of panicles from Groups I and II were carefully dissected from the 
enveloping flag leaf and plated on potato dextrose agar to determine the presence or absence of 
fungi. 

Because of the size of panicles and the consistent presence of spores and mycelia, the in- 
dividual floral parts of the spikelets from Groups II, III, and IV were examined separately. 
Only the groats from Group V were examined. They were first soaked for 2 to 5 minutes in 
lactophenol containing a trace of cotton blue, then examined for the presence or absence of my- 
celia. If mycelia could not be seen after this treatment, a strip of the pericarp was removed 
from the groat and examined, The presence of mycelia in the samples used in the storage ex- 
periment was determined by the same method, 

The degree of infection in the various groups was recorded by comparing relative numbers 
of either resting or germinating spores, or mycelia. 

The spring oat varieties used for the storage experiments were grown on the Agronomy 
South Farm, Urbana, Illinois, and the Northern Illinois Experiment Field, Shabbona, Illinois. 
They were Sauk, from the 1953 and 1954 Urbana crop, and the same variety from the 1954 Shab- 
bona crop, and Clinton 11, of the 1954 crop from both locations. The same varieties from the 
two areas were selected because of the extreme differences in the amount of rainfall during 
1954, While Shabbona had a normal amount of rainfall, the Urbana area was in near-drought 
condition during most of the growing season, 

Before starting the storage tests the moisture content of the seed-sample was determined 
by the oven-dry method, The initial grain moisture was approximately 9 percent, For higher 
moistures the grain was conditioned to moisture levels of 13 to 14, and 16 percent, Thirty- 
five gram samples at each adjusted moisture content and the untreated controls were placed in 
24 4-ounce jars, 12 of which were closed tightly with screw caps, The other 12 were each 
closed with a two-hole rubber stopper and the holes loosely plugged with cotton, Three each of 
the types of stored samples were placed in a 10°, 200, 30°, and 35° C temperature chamber 
for 20 days. At the end of the storage period seed germination tests were made and the mois- 
ture content of the seed from each treatment was determined, This procedure was followed 
with all seed except Sauk from the 1953 crop, for which the storage period was 30 days. 

To determine the changes brought about in the fungal population after a storage period of 
20 days, 100 seeds were selected from each treatment with Sauk oats from the Urbana 1954 
crop. The glumes were removed and 50 groats were surface-sterilized in a 1:1,000 solution of 
mercuric chloride for 1 minute, followed by three rinses in sterile distilled water. The re- 
maining 50 groats were washed in ordinary tap water for 3 hours, then rinsed in three changes 
of sterile distilled water. The groats were then plated on acidified potato dextrose agar and in- 
cubated at room temperature for 5 to 7 days. At the end of this time the resultant colonies were 
recorded as to their identity and storage significance, In the experiments where the identifica- 
tion of fungi was required, no attempt was made to determine the species, 

A comparison of the numbers of fungi isolated from two varieties grown in two different 
areas of the State was made in the following manner. The glumes and groats from 100 seeds of 
each variety were separated and one-half of the lemmas, paleas, and groats were surface-ster- 
ilized in a 1:1,000 solution of mercuric chloride for 1 minute, then rinsed three times in sterile 
distilled water and plated on acidified potato dextrose agar, The others were washed in tap 
water, rinsed in three changes of sterile distilled water and plated on the same medium. After 
5 to 7 days the number and identity of the resultant colonies were determined and recorded. For 
comparison, the colonies emerging from the lemmas, paleas, and groats of a given sample and 
treatment were added together and used as the total number of fungi. 


EXPERIMENTAL RESULTS 


All of the Group I panicles examined microscopically were free of mycelial growth, From 
a total of 32 panicles examined, only one showed evidence of the presence of inocula. In this 
sample, spores of Alternaria, Helminthosporium, and other spore-like bodies were observed 
suspended in the mounting medium. 
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FIGURE 3. Aspergillus on 
Clinton oats after 20 days storage 
in closed containers at 30° C, 
The initial moisture content was 
13.5 percent (3.9X), 


FIGURE 4, Clinton oats 
after 20 days storage in a closed 
container at 35° C. The initial 
moisture content was 16,5 percent 
(3.9X). 
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Table 1. The number and genera of viable fungi isolated from 50 seeds surface-sterilize: 
for one minute in 1:1, 000 soiution of mercuric chloride. 


Variety : : : : 
and : Floral : Alter- : Penicil- : Non-sporu- : Hormoden- : Fusarium : Total 

location : part Maria : lium lating dron : : 
Sauk, Groat 31 1 32 
Urbana, Lemma 

1953 Palea 

Sauk, Groat 23 1 

Urbana, Lemma 27 
1954 Palea 1 

Sauk, Groat 25 3 8 1 

Shabbona, Lemma 24 4 78 
1954 Palea 9 1 3 

Clinton, Groat 1 

Urbana, Lemma 2 
1954 Palea 1 

Clinton, Groat 31 3 1 40 
Shabbona, Lemma 2 2 1 

1954 Palea 


From 59 panicles examined in Group I, only five produced growth on acidified potato dex- 
trose agar. Three colonies arose from spikelets and two from the rachis. All five were iden- 
tified as species of Alternaria,. 

In Group II, identifiable inocula consisted predominantly of Alternaria spores followed. in 
number by spores of Helminthosporium. The spikelets plated on potato dextrose agar always 


gave rise to a large number of fungus colonies. Microscopic examination of this group revealed © 


that only one of five panicles was infected, This was in the form of a small patch of mycelium 


established on one of the outer glumes. Germinating Alternaria spores were visible on an outer © 


glume, a lemma, and a palea, but all of these parts were from different spikelets. Spores and 
spore-like bodies were found on all panicles and on all floral parts. Size of the part, or per- 
haps position of it, determined the amount of inocula that were present because more spores 
were usually found on primary florets than secondary florets. Similarly, more spores were 
visible on the secondary florets than on any tertiary florets. 

A greater number of germinating spores and established infections were found from Group 
Ill spikelets, The mycelia appeared to be of two main types. The least conspicuous of these 
was a thin mycelium found most commonly near the edge of the lemma and palea or entwined 
about the stigma and among the hairs of the pistil. Points of attachment or origin of this type 
was not determined, Cften numerous tiny, round spore-like bodies would be associated with 
the floral part infected in this manner, Several times, short, septate hyphae were observed 
arising from these spores. These in turn gave rise to sporidia-like bodies, The arrangement 
resembled one common to some species of Ustilago. The mycelium did not stain readily, and 
appeared to be colorless. The more common type of fungus observed was composed of short, 


thick cells (Fig. 1). It stained easily, or if understained appeared to have a yellow-brown color. 


This type of mycelium was found commonly established on the tips of the outer glumes and on 
the lemmas and paleas, Infections appeared to become established in one or more host cells 
with short, thick hyphae radiating out from the point of infection. 

A similar type of mycelium was observed in old pollen sacs or on pollen attached to the 
lemma or palea, Upon dissection these invaded pollen sacs would often adhere to the glumes or 
even remain attached to the pistil. The sacs were generally filled with this thick yellow my- 
celium, which sometimes appeared to be sporulating, and seemed to serve as the locus for the 
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spread of the fungus to the attached part. 

Even though mycelium could be commonly found on the glumes, in the pollen sacs, and ad- 
hering to the stigma, it was never observed within the pericarp, Mycelia were not found within 
the pericarp until the panicle had neared maturity (Group IV). Even at this stage of development 
only nine of approximately 70 seeds examined showed internal infection. 

All of the glumes of Group IV spikelets had at least a trace of mycelium established on the 
surface, Infections in these plant parts consisted of an extensive mycelial net extending to the 
base of the glume. Most of this network appeared to be on the inside surfaces of the glumes but 
often single hyphae or even small networks of mycelium could be found on the outside surfaces, 

In 80 percent of the groats examined from Group V, mycelial growth was found on or in the 
pericarp (Fig. 2). In the remaining 20 percent (mostly from secondary florets) mycelial growth 
was easily found on the lemmas and paleas, The mycelium was most frequently found in the area 
immediately adjacent to the crease and among the hairs of the brush. Most of the mycelium ap- 
peared to be on the outside of the pericarp or at least very near the surface. In many cases it 
was difficult to find a subepidermal origin for the external mycelium. In fewer cases it was 
difficult to find any mycelium that was definitely subepidermal. 

An examination of ten groats from each oat sample used in the storage experiments revealed 
a similar situation, All groats had at least the external type of mycelia present. 

In the stored samples, any visible growth was always a species of Aspergillus, This ap- 
peared as small patches of conidial heads and conidiophores scattered over kernels in the up- 
permost layers of the grain (Figs. 3 and 4), Growth was often inconspicuous, depending upon 
the color of the Aspergillus in question, When samples were opened a pronounced musty odor 
was evident in those showing fungus growth, 

In all samples that supported mold development the minimum moisture content was above 
13 percent. Mold development was about equal in all samples in the closed containers at 30° 
and 35° C. Growth was less evident at 20° than at 30° or 35° and only occurred when the samples 
were stored at an original moisture content of about 16 percent. Mold did not develop in any of 
the control samples. Both varieties, from the two locations, supported growth at the mid- and 
high-moisture levels. 

In the closed containers, there appeared to be a correlation between moisture content, 
storage temperature, and the number of Aspergillus colonies isolated from groats after the 20- 
day period. From samples stored at 35" C at 16 percent moisture Aspergillus made up almost 
the total population. Aspergillus was seldom isolated from samples stored at 10° even though 
the total number of fungi increased as the moisture content was increased. At all temperatures, 
values for the total number of fungi increased as the moisture content was increased, 

Germination did not appear to be greatly affected in the 20-day storage periods. It was af- 
fected most in the adjusted samples stored in closed containers at 30° and 35° C, Those samples 
showing active fungal growth usually had the greatest reduction in viability. 

Samples taken from normal storage showed that Sauk and Clinton oats grown at Shabbona, 
Illinois had higher values for total fungi than did the same varieties grown at Urbana, Sauk had 
a higher total fungi value than Clinton in both areas, 

Alternaria was the most frequent organism isolated, often forming nearly the entire popula- 
tion of the pericarp (Table 1). In addition to those fungi listed in Table 1, Curvularia, Helmin- 
thosporium, and Aspergillus were isolated from the samples washed with tap water for 3 hours, 

It was found that the fungi on or in the lemma and palea were the most vulnerable to the 
action of disinfectants. The difference in the numbers of Alternaria colonies isolated from 
groats following a 3-hour wash in tap water was very close to the number isolated after surface 
sterilizing. This might suggest that Alternaria is more deeply seated in the pericarp than the 
other fungi, or that the mycelium of Alternaria is not affected by mercuric chloride in the man- 
ner used. 


DISCUSSION 


From studies made with field collected oats, a situation comparable to that reported by 
Hyde and Galleymore (3) for wheat was found to exist. That is, the fungal mycelia found in both 
crops do not appear in the pericarp of either until the late stages of maturation. 

The association of Alternaria with oat seed is in complete agreement with the findings of 
Hyde and Galleymore (3), and Christensen (1) for wheat, and Tuite and Christensen (5) for 
barley. However, no evidence was found in this investigation to indicate that the subepidermal. 
fungi might have a systemic origin in oats as suggested to occur in wheat by Hyde and Galley- ° 
more (3). 
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In storage, the causal agent of storage disorders was found to be Aspergillus. The mini- 
mum moisture content for the visible growth of this fungus was slightly over 13 percent. This 
approximate level was found to be the minimum requirement in corn (4), and in barley (5). It 
is significant that Aspergillus seldom could be isolated from oat seed, but was the only fungus 
active in the deterioration process. Possibly other fungi could become involved in this dete- 
rioration process if the moisture content were raised to 16 percent or above, 

It is assumed that the inocula initiating storage rots in these experiments most likely orig- 
inated as air- and seed-borne spores, 
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UNUSUAL RECORDS OF PLANT DISEASES 


THE OCCURRENCE OF ANTHRACNOSE 
ON TOBACCO IN GEORGIA By L. H. Person! and J. G. Gaines? 


Tobacco anthracnose (Colletotrichum sp.) was observed on a tobacco plant bed at Tifton, 
Georgia on May 4, 1955. The disease occurred on seedlings of blue mold resistant breeding 
lines. Leaf spotting was most severe on one end of the bed, with 8 to 10 spots on some leaves. 
However, infection was scattered over approximately 100 yards of bed space. This was a post- 
season summer bed which had been subjected to frequent irrigation. It was located in an experi- 
mental field where similar plants were grown in 1954. An adjacent field of tobacco did not show 
anthracnose symptoms on May 4. But, between May 10 and June 1 part of this field was irri- 
gated four times with light applications of water, and on June 1 slight symptoms were observed 
in the irrigated portion of the field. No anthracnose could be found in the un-irrigated area. 

Upon microscopic examination of the spots, spores of Colletotrichum were observed. Iso- 
lations from leaf material yielded pure cultures of the fungus. Although anthracnose may have 
occurred previously in Georgia, no published reports of its occurrence in this state have been 
found, 

It is very doubtful if this disease will become a problem in plant beds in Georgia. Almost 
100 percent of the growers carry out a regular treatment for blue mold control. In North Caro- 
lina, observations over the entire tobacco belt have shown that growers who treat their beds 
properly with ferbam, zineb or maneb for blue mold control are never troubled with anthracnose 
leaf spot. 

HORTICULTURAL CROPS RESEARCH BRANCH AND FIELD CROPS RESEARCH BRANCH, 

AGRICULTURAL RESEARCH SERVICE 
1 Pathologist, Horticultural Crops Research Branch, Agricultural Research Service, North 
Carolina State College, Raleigh, North Carolina. 


2Pathologist, Tobacco, Medicinal and Special Crops Section, Agricultural Research Service, 
Coastal Plain Experiment Station, Tifton, Georgia 


CANKER OF JAPANESE 
PAGODA TREE By John A, Stevenson 


Sophora japonica, the Japanese pagoda tree, which is grown sparingly in the eastern United 
States, has been relatively free of diseases. F. R. Freund, supervisor of nursery inspection 
for Virginia, recently sent in material of this host collected at Richmond showing a very definite 
canker disease, hitherto unreported as far as known, In the material examined the cankers oc- 
curred On small branches. They were oval in shape, 1 to 2 inches long and encircling half to 
three-fourths of infected branches, with definite, slightly raised, dark red-brown margins and 
uniformly light tan centers. Pink sporodochia were scattered over the cankered areas. The 
fungus present appears to be Fusarium lateritium Nees. Several other species of this genus, 
including F. salicis and F. sophorae, have been reported on this host in Europe, but are included 
within the range of F. lateritium as this species has been emended by Snyder and Hansen. Cyto- 
spora sophorae Bres. was present on terminal twigs which showed a uniform die-back condition. 


Mr. Freund noted that new growth on the infected trees had been killed by a late freeze, so that 
without detailed study it cannot be determined whether the Fusarium is capable of attacking 
Sophora without the aid of injurious low temperatures or other unfavorable environmental con- 
ditions, 
NATIONAL FUNGUS COLLECTION, HORTICULTURAL CROPS RESEARCH BRANCH, 
AGRICULTURAL RESEARCH SERVICE, BELTSVILLE, MARYLAND 
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OBSERVED 
TEMPERATURE ANOMALY 
(APPROXIMATE) 
MAY 1955 


OBSERVED PRECIPITATION 
(APPROXIMATE) 
MAY 1955 


! 


The terms used in the accompanying maps, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year jor different locations. For temperature the classes 
above, below, and near normal ate 30 defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time. Precipitation is depicted 
iu terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture at a glance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a given time 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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MANUSCRIPTS FOR THE PLANT DISEASE REPORTER 


(See also PDR 35: 121-122; 36: 214, 494) 


(1) GENERAL: The Reporter page measures 9 inches long with the heading or 8 3/4 inches 
for the text part, by 6 inches wide. The copy is typed on a larger page, 11 1/4 inches of text 
or 12 inches overall in length by 8 inches in width, and reduced 25 percent in the photographic 
process of reproduction. Illustrations or tables larger in either dimension will take a corre- 
spondingly greater reduction. Only one size of type is available for text, footnotes, or tables. 

(2) MANUSCRIPTS should be the original ribbon copy, not carbons, clearly typed and 
double-spaced throughout, including tables, footnotes, and bibliographies. (Note -- only one 
copy is needed.) Footnotes should be typed at the bottom of the page. 

(3) ABSTRACTS are requested for all except very shortarticles. (PDR 38: 316). 

(4) CAUSES OF DISEASES should be named. For bacteria, fungi, nematodes, etc., give 
the Latin name of the organism; for viruses either or both the accepted common name of the 
virus or a Latin name if you prefer it and there is one; for non-parasitic diseases state the 
causal factor if it is known. If the cause of a disease has not been determined say so. (PDR 
36: 494). 

(5) LITERATURE REFERENCES should be given in alphabetical order and numbered for 
citation in the text. We follow the AIBS suggestion of placing the year of publication after the 
author's name. Please check your titles carefully since we cannot do it for you. Be sure that 
text citations and bibliography agree; that foreign-language references are correct; that number 
or month is cited for periodicals that are not paged consecutively throughout the volume. 

(6) NAMES OF FUNGICIDES should be given according to the suggestions that will be pub- 
lished in Phytopathology before long, and later repeated in the Reporter. In the meantime see 
PDR 35: 122. 

(7) ILLUSTRATIONS should be sent to us unmounted. To prevent mistakes, write figure 
numbers on the back, and mark the top of each print when necessary. A sketch can show a 
preferred arrangement but please keep in mind page size, shape, and standard reduction (see 
above under General), and remember that figure titles and legends are part of the page. Let- 
tering should be clear and large enough to be legible after reducing. Drawings, maps, and 
graphs can be photographs or originals, but should be finished and ready for reproduction, not 
just sketches. 

(8) TABLES should be carefully thought out with particular attention to the Reporter's 
limitations in reproduction. Make titles and headings definite and self-explanatory. Designate 
footnotes in tables with superscript lower-case letters. Be sure that text discussion agrees 
with the data in the table. Do not abbreviate names of crop varieties. 

(9) REPRINTS cannot be supplied since there is no way in which we can be reimbursed. 
However, 

(10) The MULTILITH PLATES from which reprints can be made will be sent if requested at 
the time the article is submitted. The press size of these plates used for the Reporter is des- 
ignated as small -- maximum image 9 1/2 by 13 inches, maximum paper size 9 3/4 by 14 inches 
-- for Model 1250. Most of the Experiment Stations have this type of multilith machine. 

(11) We are the official correspondents in the United States of the PLANT PROTECTION 
BULLETIN published monthly by the United Nations Food and Agriculture Organization. We 
would appreciate it if plant pathologists would send us suitable material from time to time for 
inclusion in our monthly summary reports. Please mark it clearly so that we will know it is 
intended for the Bulletin. (See PDR 36: 492; 37: 637) -- P. R. M. 
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